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^tK i 1 1 1 5 k ■! t s I { \ it \ \ ^. I i 

utii. I on s P 0? i V. t nn t « iS) viK s, (.rv^v^f <nm juism 

Jhc; JO amiito auds» <05aifloxil> toossd n&feislh occumg Ihrti-* stfeai!) 

\imi.\x.iii or iimi.t}rtAiI pi-op<'n\ of nterv'vt iU absM^ to ukw poxaV si<h amjtso 

~1' 



acid ,ujAbg^ into pi^xte5«, ^^(s.\d gcc^tlv cxpami oi.^ <ij»ftty t*^ KUiosary 
s>ste«5ahcdlJy ma^-\jpi:]alx. tbs -,xnictm<^ of piok^im, both t<, fjolv j>tote« Wi'i^njcxj 
And c fs&K piyieuss ^ '3ih n&w piiii^uox For ex<iint>k\ th^ sbdUN li' SsNiithcHas Is^o 
qiEAx-iui8<5 of pjotms vO»tiisare heai^y &iom^ wouk> iacsiuak- protesx; stitK-t^tt?- 

ck-i-vabk ink) fKstcnis m imng telK \^tuid provide p^^^^S!^^u^ took for 

I lokm i«ni.tiom m vny One might a fee ablt. to ihaxc dse psop^sn.-^ 



^}5,nj IS !^ i ^ iK riii. { sub h *, ni <, 0 ox botii ia* sjd themica] 

r^mmsi ilK tjaa&UtK»n pioc«^, tav-h *SNA s«, maUea with s \m-> 1 sd h „ 
betort. ti reaUivs tJje nbo&O'tJ^ ITse jusk-h is, aad<, b^ a coi< a ? ^^^t^ 

t <H ^Ku iix>m ^t, ^em-tK coik. of DN V v-^J the rx) HA tun-, a U 1 
"A V's «j <> iht ^mmO' a<. id Loas? oi pmt«m- 



Most esHs make hvesty difeenC ;«J5i5ioao>'i-{R'HA Siuthetsisss, one for eacli 
iype of mnmo acid. These wenty »$}x>tnes are each optimisscl &r futictsoB ^^'ith 
own psjticalar smioo acki and tl)« set of tRNA molecules appfr«;>p3Sate to m\ino 
acid. Axsnlnoacyl-tRNA s>ii&etsi8es mtisf perform &&b: tasks mik ,hig,h accuracy, 
S Mmy of Itess enzymes reoogxifee their tRNA molectJks usiisg tJie ssjticodoji. These 
eijxymes make aboxit on« isiistske as 10,000- For most ammo acids, iMs level of 
accuracy is noJ too difficult to achieve, smce )«ost of tlie arsiao acids «re quite 
different torn one asK>thsr, 

0)s »)8{8s)t mventlos provides meEhods and cossputafiosal tools tor 
system^s^cally m^^diiytag the &abs,irA{e specsMtj of AminoAcYl tRNA S^ntheJas^-N; 
(AARSs) to erablc tl cm to «tilti,e ummo actd an^ogs m ccll-froe aiK? whole' CvM 
LaiiNbtion s\>,J«s)i{s, SpvSC'Ctally, fee island j^emioti provider mctkxh ,i-d u 
vn rcdv.'{,sgnnj, {'le stiV-'Ue bhdhs <;st<, ri tlv s^T'tbots^v.*; n> stuns U< 

■"iuNv V. t ! u It nKn< I 0 J.! a cnti 

»\aKdu\ a.^cs-eiJ rnii u,* ^>t w. ■-nm\'> ci*^ pu^ii^g r«*.ii}tt Lo-^ %<^>\<n^ 
20 i( naiangii^s, <u)p vHiaMij, ? SvUM ->t'u aji'idsuaieifiM ^.xn-o s v 

JcF.v h'\ding pv*cke. -'ot ar at*i«r,(j^c\l nKto^c i^-ip *.vbk% 

iraciaclions 5vn>.n' = id w J.f;, s«0 bK)dmg pockt- and s-id mtxm5t':s, uv) 
alltfmg oi !. 0' i«o > tisu K K! s.i u s m •^'d hmd\. g j>ockct ts* produce' oue ox 
mor< vch. o\ s ty ijt.v uwCjiiaJtJa iiat d<^^iT:v^ <<ijt?!ed bijuhsg jiockot . tcT u^J-^n'^s if 
-a c .KHuoti v] ?>il^kc^tasc^ roddj g imcaonous »<■ ^ 1 1 v^-^ -with 
*s»\i t,<nc ox rjiorv aiicrod hmdmg pockets, aad, ge'acutjng a «e{ oi opto!/j«d 
a««j\oac>l tR>?A syaihetasis* seqijcncei Saving favwjablc mieraotloub viith saad 
aiwmoacsdasaiOig, 



Amihoi 4*sjieit of Oie 3jJvei«Toa pwjd®* ^ method for «y^{fecs ^ i p<,p x<«v 
or pmrejs m*, mporamig ont. or more amaio 4Cid aaaio^^ cowpii^iag pwvidmg ^ 
traRsktJOJWl vysfem moluditsg (s) a to^cnpi, or mea8« foi g®Jk ^ tmg Jra j>{. 
If} that emo4cs a peptide o pohp&ptide-. and {n\ or f lut^trt AAKS ng - 
5j>«1s1gd biitdmg poekst, ea<,b of -SlARS catsW meofpomtioa ot ajjs jso 
^CJd atialog mto <5ajd pcrptidif or protoia audsi tfcs? waditioa^, of the tsras. ktin^i 
system^ 

) ^ i }ii^<n, ssid tjrfijSiAUoa s>&tcm i« a \vhok <,«H that c\pr6s8c<5 

pTOtfiiS prepat^tiojj tj^nsktsoa compelSRt 

k one ertttJodEmen^ ai isstst oss ot $sjd mutsut AA.R?s satslj'xei^ 
m^o?porat3os of sad smtio acjd asalog a K^^i a*. !s*a&t 10 told g^-eatst &aji ths. 
20 w!iM~t\ps AARS; 

h! o«« tsmbodimerw^ at least one of mid mutant AARS lias t. seqitence 
.ide3riif.kd by U-c- mefnod of olaim 1 . 

Aay of tItaseemlxxUmeists may be^ s^^^ 

Aaotljer aspect of ft.© iaveatioa provides s peptide or polypeptide 
25 ifioorpor-jitisg oae 6r jjjoi^ as^lBO acid ajislogs, which. pgptid« or pojypepridv \n^5ss 
produced hy s<ry of she above -de^cxibes ruediod*: or co;:nb3riati'oj;s ili^sift 

Asoth&r a!sp«ct of the ■mveattOB provides a metfeod tor cosducfeg a 
bioiechsiology business oomprisisig: {i) identifying a nndant AARS soquemceg, by 
die njedsod of clisiia I, wl^ich bisids io a <mihm acid annlog; (ii) providiiig a 



ih&i enoodes & pvpttde or polj-pepfede, (b) 8« A<KB,S hyvissg 5^sd tdonnfisd xjtaumt 
AAR& ^queace, and (cr) m^i miim acid analog, uudei dtritm«!tances \\boi-oi« said 
AARS c,5S«ih:'ei it^vi-stj^oi-atlNUi tsf <^ah\ nmmo ac"d analog in ^nd pvp*?dc 
S poiypcpnde, 

arj ox .1 UK\ Jcs*^? i-m/ \ aw «^ 4^1^^ni^lei saui pcptiJo ot jyoiyjxjpjido 

Anote a!>i5«ct of the Tsvcntioa ptu\y«?s a method for gea^i'jatmg a mntsxni 
io amiuoauyl ilNA sjiifetaac (AARSk cwmprissiiig: m prov-Jdsag a fi<<t of dmotoc 
coordinates for ajtaino acid rt-ssduaN t}m tkfim a bm<H3Jg p<wk*?t a mumit 
axsimmoyi tRNA synfeebsse, wMch biadsjsg pocket varies by at tel ose lesukse 
from tb« sequeses of tlitc w'M-type form i fsaid am'aoacyl J3RI^A sj-n^etasc; (H) 
pixjviding a rotoof library of a pJia:a% of smmo acM aualoga wkci>:r«|>amBts the 
c<x>rdamms for a pitsrality of di^^iont coMosmsiioBs of each of saM smsiiogs 
re^lfeig t)w v<&j>iag toymal a«g]es; (tn) moddmg m{snjct{««g of sa'd toUmnits 
\\i\h paid I mdmg pocket atid ktoi^'mg noj -bond iuteraetsocjjij feetwee i i^ssidues of 
the bindrng posket msi &e amino aesd aaatog^; jdmttiyfeg smmo acM aiialogs 
thai iiavc fevorahk mienscdon. with md \ mtml ajnijioacyl tRNA -svntlif lasc 

\\ouid iTjVv i, \ \js.<^ ti < ) ,0 n ( u !(, 1 !0i:\) 

th.v.0 Ix.^vsi^^uv -*i a\rc .-.'xk i^i Kid \K?^ s.^h ^ud an- ^ ack 

.-ty fj-*; e^vaMoajiH* a ux.iEVi hlr<«n' O) ^a^' >u n< ^n^'o {C) 

'.t K.~co vr,d l\ x^. In xn. oi!< I -'-nscr^.o snoJ^I as v ■'t-Kiw M xd 

htoal\!i^^ !u b ! dxHjr xvvi o. rxd \ \ atnsi.r v f . < * ->5s),i ov;J»5 
mVavUOtt s^/^ U.- .-idv, J>v.>- ^ \o !>. ?^id cmtn^-- n'"'<^naK- v.>T'*nJ\^ 

&uHtjt^mag vud natara^ annuo acid sibMKrto ^asd ajmxo c»v'd .t.ia^vJg in si. d 



*htco d nisat3y?ui straci-ujc mortal wUs^cdtJ dte geoTo^'tcto O'-JonSauo \ yf ihe 
bfsokbsme of said drntrsf &i:ui XiS s?og j\ ssp*;cilSk4 hy the onemafoa of the backfeosH' 
ut sa"d tsahirsl amino seui subvhato, sm^ vvjx«?so'jj the b^ckkue «f isaii amiw acid 
anakg Slid ail mchot r^'dues Msaiined m (c) are- £xe^l ia idetitity a^y a'tajwzic 
S coarostiwfea tn rdaiiotj to s*aM AARS-astalog feackboae smjcmrc; (0 ests^&Kslii a 
jroisp oi" poR'juiai miaiaen for each of fee caaditku? vanablo tvsidue positloris) 
ideiitifiCi! itj (dX whercm ths gpL.*«p of potestial jxjtoers fwi ai ioasi one of jjiad 
vjiriable le&idue residwo jx>sitioa{fi) kii^ d mJamer seiectcU iiom ysd? of at leist t%\ i 
diiereii animo ackl ddt- oimimj smd y?) afial>'3:ing tfce ktmiction of eacis of {he 
m KJtamerti for j>ajd mnim acid ajjslog and jotooss tot said v&mble I'eaixk 
posmoi^s) VI !fh &li pail oft! t tmimdsi ofsmd AARS-ajistiog backbono <;$jn>^{\te 
to geacsaic a $si i.»f optsmi/cd fHxslx^ifi sciquenct'?, whetob said an&iy.'aj^g ^.lep 
includes a D^sad-Ead mitmrntion (T>FBj cjsmpmatjos; whereia st^ps^ (b) - (d* .art: 
cismsd om in my order. 

15 In Otis. mS k ^oC fudhoT cor px iJ.-rt,'-,' .wc^tflpua: 

rsx-ton ^^'i^ik V? < . hi, u nte}«cnon 1vt\\etfi f*i:d AAKiS mi sata,vimv 
as ) 1 .fkilo ' ! ;x s'.^ ^i-i. sc^^v^g t((> mtemctloni Isetwcst^ sa'd aiaiuo 

ack. ^iiido^<.utd ijxa %anabk rt»iJuepo$Uioo(&li 

Js om smfeodimeat, the method fiurthsr scsatprises testjsjg said AARS m vM) 
20 fv.H: it^ SiHiit^, Sf>«ci£cii>>, aatS/ssr efBciency fof mcoiposxiting said amino acid asaiog 

l\ Lt \ <. i. ) ifj ud $lire©-d ms«hoa%l stt«cn«® model is a kjirnvn 

n ii5>i 5i \\1 *i n\ 

) n)i nn t aim di j > ru -..nu; established by 

i iojohi ^ mwd ba-^td o & imw-a crv4u »\atpMc; or NMK slrucftsre of s 
tosolog at ssjd AAS^. 

M one emb^jdmMt i^i faomolog t-, at (east abotn 70% idmdcal to said 
bs s ^ 5 Hiu'n for stud ;sqnKjBd a^^^ 



Is 

susbtmfe m assd AARS stmctuie. 

Its one axjKid meat s.j d amis o aoid analog is a Oeu\att\e Oi « ^j.it'.t 03^« oi 
the 20 natural a sisjk> oi^d,, wjlh o^e or myre tuj ct uaal ^.ro «ox prs^-vat 'a ha t i1 
10 amso 3.^k1 lisj example, luui-tojal gtoup be u !0« ^xh,^ 

photoiahk imp, d fluoK!4=cit proup a«d a heavj metal in a preiei t4 
mK «i mm L s,d art < <. 0 in lo^ m a d^\atnc of Pht. 

15 globally op»:Bja.l |>iot«?3j5 sequence, 

ia «ne ©iMlstsdjmmt, saad DEfc computation i$ s^l«cted tmm gfcuip 
coissastiti&cjt ossgiml DEE and Gtsteeisi DtM. 

wnrg &mttOS I or e-m^nple, said &vur3 g tun« jon ?n 5,ck^iv4 .rc-m ho oi > 
der ^ aiiH potential '^cors / >.^c^^} « t ^diOjivi) bonu t ^! 

miK-n(v» ami s s'econdan' siT«cture pmpen?Jty -ico'Tg Jr>t;c'-t<>n Ahc- h-iH an;i'> - iv-e 
step uK'hdv? 'Kc lu.^ v)fat kasr .^torit^u tujkKi'ON, Iv, a jc.sors^/J «friK\li! rt5\ 
said Wvl>.'ii;c is^cladc^ rbv j-^^.- ot\it thsec ?i\v!!5C h!T.>n-o.'s ^r, ;>v-fvfiL-.\' 
25 S'EubactimenL >said iniC>v: uh^ ^U:p ijiciuci^s tlx' s^no c- n k.5s> vtr 5=conn.> ts\\;av;- 
h\ i'. p-eCetTod emboa ricr.t, s^^d .>ior-i;. soa^tsos) ri>;ou.5i. Usik-aon inclutie,* .\ 

h' ocK 0!«b<..>h{ucjd, the ni-^dtod tmihit Ci>mpd$s?s geaeratmg a rank ordered 
Hot < t ^cQ-■donA K-i-^iinS- rft\|uen-.x.; Horn said globally optimal pr«.>tem seqaence. Ta 
SO a preiteed cnd-sodln^ns, sasd g-sjioradng ii^clude^ ths use of a Monte Carlo search- 



pfottin ;i«<^u<?n.oes irom aiui oniewd list to piodiiC*? potimiai eoei§>> k'^t jostite, la a 
prefenrtyd smbodinjem, fee aiestljod furte compnse^ analyxins? fee a^as^potamce 

\ o ) ohKijj ^annmx iti n sk <. ! in 

H{ d uj Hit >csd ub^tutc xii -mIhI 1i <. fjj « Kiml ^liuuxm 

Any ot tlis above exabofessssis can foe combmsd appj-opmte. 
0 AaoAer septet oi tise asveauosj pso^sd*.^ a rcco^l^btn^^3^t \VR<s in.km 

gererdisd by «mv of tb« above uiMi, laothod^ or *.OTrbi«atjom fe<>ic<,»* V^VRS 
proiem tompn&mg m opt\nx\7^A \iixfkm sssquence th&t merj-porati?!. ,m amino acid 
3.n do4 or $ «j{ is-*! itniuo 5 j 3 ssuN* at. «id V^'^S ^ t> 3 p^oKm 

msdsic^ad sequence descnised abovs. 

Aaotte a^ipsct ol fee mvestsou provides a ho^t cell oomprisjss? tlie aiscieic 

^ M - V.0 ! it ^ J i )i ii,»v.n,i mmBXfs ^it <^ \ iuo i, 
5 do^ x<. I'tTu ( \ <.)n} 1 ^v. I lans mov d jo j -,.1 

i5i5 SK \ ^ n f St, ^! 5^ nu r<ji «iok1j3\o « t. (u)fN j mt<. 

<5 Hi J ^ <. }(Ks sad roaois-rs Ju? BJv-<in'» ior 'iki ii^ one or 

in I s ^s d J ii\ a ^ bod t s jfo k i o pfo&jjoe {>Ji«y or motf ct«- of 
u s u t» s iooxdiuats {in avfin*? aitu il budi g podtts lot «3Uia«t- A sad 



yiCi aiJ Of rause altawS b^aditig pOi,iet<< -swd a ■> t >r xs. -if^K, J «^ 



iv.n t ih b i to fen »o<.k nd Ki-ttsijmg son *x)»d mJ« is^ison-, b^Hec^j 

?T t i ir d t I iiih fe L 5>a uc< >r ? <. > st! 5 ** ) 

c Tcii ti, t mt, alt r i md«vK5v.t. ">\ ifii t i R\ \ 

Asjothsr &spmit oi &e mvmtioa provides a computer-^iKsacfebte mediiujj 
skjriHg a coimjuter psropaaji esecsitable by a pMrahtv ot server comptness, the 
computet program comprmng compater sssJmctiOHS (j> provi^ja fee 
,-oorJiT3ak,s tor a pinmhfv atc^t-jit x)t83»K,fs oi amsH> -ssulo^ fc-^ultmi,. 
ftom \&rym^ ioTsmns.\ »3r>f1es, (ill provtdinp a ?et ^^ttuct^t* ^ix u 3 ts^t jm<. 
a id Ttsjdufcv tmt deiiSK d b idirg pocket io -ii smu oai.\J ikN i s ihc % i ^ 

■<~Ov.klng mt%. actio 1*- ■> ^&id mum^s^h v^ith. 'jnd fejjdmv, povka atk 
} k 5 Ml U i d t terickoji>v b^tstccst* j^d se<5idti<,<* of ^nd bj» dini \ (xKot i»t 
■£ 5< V ) iKrmii Jvorm a irmrt \ tv sducs m -,ad >nd! \ k t 
10 ->ry<ciiicf Qir o" more «^i<s ot styuct^sx; coordinate*: ftnt dctjw s^t - 1 t j " ~ 

oi «^Jv» 5oam!.Tv \jth ^asd oae ot uou'* dieted \>mdi!ig P^^ i nd c t 
s ) oj^tmn ui as ixottvl tKI'TA n.1hciasse4> s^vjafeB<,<, ha\iixg Uj-voj^tble 



^ r^imcr was i,omp xiu 4^ mstaKi oos tMo%i<. .0 inc u>03rslm^tv->^ 

tci '5 '^ur^lir 0^ X. x n>\>x avjv ». i an &mm acid analog muUi feoai vtxrs ix\$ 
■> \ i^!>< ' Mj/K -> t ! >tov ! hiio a set of &Jn.ctui< v,(X>td t ntLS^ Vj muuxo vK id to«ifd 

JK t>>U- vi^vv.n-u' V i ! i \ 5 !^ w ■> nH3-> itX^ 

0 oje s < t t? a vOiMt. i \ \ \ n in >l 

ammo aei4 aaaiog. 

15 wmpuief r^aUabk stos&g« mcdnjsi ha^mg mstsuctiojis ?toreii &e'eo<i for (1^ 
accesssag a datafile s^pmseatatn'e of tfce eoorrdiTsates for a plumlity of dit&teait 
rotsmen; of m aismo aejd aaaiog ^ssui^3^^g fern yaryjjig fetsjoaal angles;: {m 
acc<fssx»g a dassfife re|>f«smtaiive of a set of stractuie eooa?djsstes for amino aeid 
rtf»jdue& tiiai def ao a hmii ptscte for m amTOoscj 1 iRX 4 iiysthetasse, (lu) a feet of 

Zi) inodeimg touimi^ for (a> eafcuMtag mtefaefeoas of md mmnrns widi said bmdiu^ 
pocket asJ idem5f>i3Jg; a oa Isot^ mtoract ors hctwcwu JCsidwess of the hijidmg pocfctt 
arid the ataujo acad aaalog;: 0» altmsg om m moss amatto acid lesidaes m; the 
bii«img |)octet for tke stmaoasyl tKNA s;pth«itase to procto ojie- or mom mtn of 
fetrucfcso coordinates ihcti dofee a!te ed brndisg \ oeket'? for mimsts said 

i^ ^.ssmoa^^'vl ^RKA. s>nlbeisses, (cl o^cuiating fettuctiom of sakI toi&mm wtih »did 
o«« 01 note altered brndisg pockets, a«d fd) gv'nerat . g a list iepjes<.<iitaave oi 
f>pani;ed asj :mxn>y1 tRNA, ay nfeteesf ssqwcases h&rmg favorabk \ ^l^actaom 
with «aiid mim mM: asialog. 



wo tmY?i2i^ 



Figure 2 SDS-PAGE of ceU iysajs^; of 4 hr po^i-xmucikm v. itb 3 IPTO, 
Exx>tessior5. pJaamids aot? amiuo acid sapplemcafe am mdk>ate<l 
5 Conc5?otr?.tsoa of 1 (Phe) - 20 mg/I.; 2 |/?-AcefyIPhe) - 250 mg/L, 

l^no M: malsxiikt w'sight marker (35.5, 3 1, ^1-5, ami 14,4 kDa), 
Figtsre 3 MAXDl-TOF inass spestta of tsypttc j>eptide« digsjsted irom saDHFR 
gxpmssd iw media sapj)tee»1jsd wiiii 1(a) or 2(b), Fs^tsdes A and B 
are repreaestedby SEQ TDNOs; 3 asid 'L rssp^iivah. 

hydr«Jdc (HH), stai'sod ■v^■i^h HRP conjagsted sti-eplsvidb arid 
st^iilysed by v,e?;teti' hk.-t sh) ^'^■e.^ten3 hiot ansly^s <sf &e prodiicSs;. 
Lime U K:.r.>HF.R-o.-; -^^ IvaHbr; I .;r- 2: mDnFK~2 ^ bxiffet, Jase 3: 
i i mmiFK-wt -i- BH; L«iie 4 : niDHFR-l 4 Bit 

Mgms S. MALDl-MB (Matrix-Assisted L&m B&mxpixon TmMthn Mm 

Fspreff, Acdvs sit<?s b /fPfeRS. (a) wUd tv-pe; (b) A.?- 146 trMmi; (c) 
TKylQiAi 1 40 double jjmtasi; 
2i> FigiJ3-s 7. r,b« biadujg pocket for Fhe in. Phel^S, Pfejiviaisssisie iiwitterion is 
seps^senfed in pajpk, 'Fhe aadxoj: mld»es ay« Issbebd in feoM. 
Fjgttre 8. Analogs tested for incoxporatson in m vivo assays, FFA emi SPA sm 
the OBly Iwq amtogistlsatget in^ajporatedbyllje :FhslS; 

"Ik rs .(t ,ii%n*-iO!( pfxxjdes m>.nkHU as d Ci'^p <a d U"^^' n 
*\oiips imtaho^ t«> ^jnAk the i^itnytm tt* ihjix. efficientiy utihre &mmn acid 



lie lilf t£ In n nAVvN lu^m k. (i i \ <. thx; v, oi i.* tu tl 

I o e «ood^ nt^xi \l i j n \ n ail 

a ploirfUt> vlifk 0 J ) ID ifi ■> i i s 1 

iry,f I ih « >ii(,if1 \ ) { t )At ■} i la \ \ \ 

s mul i :>!! \ Hi s 3i 5d c nj ^ M U h sn t k J ; > 

1 J) enyvBic th.it iife-stl \ idi tfa,e AJ ^1 m i) 

HO > t<d a aodiL s of snsiJ ti{ A^RS ts^vsje io*.>Uv, U n 

aasjio sciG aaalog ass jdoatJtsei, 

In (.en 1 embodifient tl vompuUlio jsl letliooi duebptd to vT)fc «c 

\sp ihs: pAU % s<? sKs,igi€N bax^csa the in^og and the jsmiro &i.id alim ai 
dt-sJOT po jtitm o *le pm&,j a the itaag> (.ak-iiaUom la ^ optovaUoj 
ti f \^hsn, the A Vks-ajjalog ntootiu s ajv i,i,Akd up i.i np xt^d U ihu tntts. 
plots, m mtiSiicJoi eque«*.e Htkctii. iss baca tuvi^tu e3ui mmo "is-K 
fX } UvN < t VA,R^ to tho^c rt ^ \e i'vnrshk 1 5> i *i no v (h At rs 5 J > 

li r 1 1 h ; I hi 

li i ) 1 I \ N i i\ Uii i i i n 

i i. ni a Ux< il ^. nK} i in t \ il t i i 

f-^ t S \ U^ nu iii m i J H ^ 

ii Xii i I ^ \ i W I i\ 

i n i xl m t tit s <. Ihi | 1 ? 5k S 

5 5 5 h i «i«5n(. •imn^\ ''ti tiudKi^^ ona f n t5 5 i^'> 

Ki U3 oft-ii J. « 5S ->n tk* V. n Ix jomei! to i Ji s i ct, i ot ts 
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(n piotcm S?ud i sxstol V,\ES sn/^ ucj> can »)e i &v.a m u l\ f a ra tit>n s> \ us 
sxtb as$xiTa<.*s arpurided jfii-ofetai issLibou 4.V!!Sj«y{w vt^omlu v.-^rc^^ei 
m ^vhok cUh judicsmg i ^UIn font a *ttent <jig<{ji<ta lor evtmpL, \A^S 
fiom Ota. bactej & s,pe(,ie!, (o a «i3Xs5>otlc &p<'(,di- tkh a \ti<?*-) k 

sack as JT5Si*ct maamal or plantl 

I i. 5sUtu u) OS J ^ ( Jit, or ilitMc 1 sti V. \ \Rs u t^^ sli^h 
\<. i s J pohpcpUdcs ha-ie one or motsi. ^ua aatui^iiv octiimjig anuio li 

^-fb'-it s rtj * . n va i o^^ to m -^t uJ li*,*, tUss Ih s,(.*.pe ir,taR!t5£ o 

« ^ . t H =t ttm) be aiom f oi \ &e ipfs^sSt. context m >,h the ^5 s 

\hoMt and "appro\iraf*i^ ' g^er-iily mean m ■%<.\^i^UU& dc^ec 
K^m^t to the quantity meajsim?d g xvjn ifie namto or pretiis t-a of tiit msa u^t^fs 
^9 c-sl e\emp,Ar> dogjcos oi em> mx' i^jtltm '>0 pe t (H> prt-fetabiy ^^^^ka 
O'X, and ok* pfsr\ubly x'sithiB % oi i. gi^ei ^'ak»e or a^ge f \<slu«j& 
\ ttj^tt^cK aad paitieuiasl> in biobg,iv,al Js-ystcas,, tht, t<,rmh vK^iif ami 
'Appioxn*. Jf-h' taaj mfcss that a» < der 1 1 Trsis^tade pjrdbably 

\MXhxn ^ foM <md mort pre&mHy xssthitj 2 told of a e^'eu \a!ac K«n«n< 1 
i?»anttn^ii. Ee u . m &| i>ro\j5 lalt; uiiJe&s. ^stated ofiie -mse mc^nisg iljat the 
'v^ii'abotit 0 'jprm\5JiA^l>'uttibemie3r«d<S'b<?aiiote\ptei>sly 



Ammo t i. d na-iiog ts au x u ic mul^xd tj^s i, i I H<; <,4>mi. xuU t 

\ ^ t iO Ajeojk vrorS Ihi tsj 1 \ U \ %ot\ 1 !i\ 

m p L l\ \ k a \ h ) 3 i i! t 

-^5 I S t % 5 Si n J ^ 
ti ) x \ \? ^ t 

I*. i tX H ! Rt axe } I i 5 * I I S3) 



1 hs i \ i I i sx U SI 

a St ts h ^. Us ( i Mil n 

n I i3 1 ( ,„<.i V. osUc •> d t ) ( tn \t- <5tU3\ Ani > 

a J. ft i^) Si ^ X h\<3 x\ Ksi sjxd f^&s^^jtt. v3<.H a.t3U ? s I 

a^i.\mn% \s xviS %t b^ thu'^e m «hi. art aB> msayre fai -^h vh a fett ot 

jxjtdft-cJb In kx*v*a 01 guiei-itcd cati be u&ed a. an amiao scid asato:: Ik 

sjde ifeassiss a-i^ be m u-Jsw the (R) or tli fJs) tOTsiiptratiOTJ (or I> oi I 
ts fi^^uj (tjoa) In & ptt\u<4 miho<itmm^ ^ smmQ iud*; arc m tfet (S) or L 
eotrfigismtioa, 

Ps^' VssJJijv , t^o o\ s:..K s:: i;^^ t53<i ss/t >)J thy <ii\"nvs actd u\.\v',5 ^ so ^vSvIs f,\if, 

;I1>Oi:(M3i,3y<. <s,x>rp-:e<i \pkx t'^ s« sK'-J V«ra\o 0153 v^jcct'Vc. 

the piv(ka3\ojk' or <:akaiyotsc rib<'i>Dni«-isi<iii vn-o in u/Vt. ts.\.3^h'ui"'r wsls^m 
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'I n a \ »<vibotje^tni<,^js" or ^ammaiscai USUI'S akmv he C1.J 5, ueajt he 
three iu oootdioak-j. Hut defev. asmeiMom^ siimnjie ol ^ 

:o .dtismUj oauiti g pwtcm) six? mljogea. the cmboayl «teho» the a-ijaibos, ma 
txis cs'boa>i o\\^<.n afoi %\ ih the djrecUwn ot thf veUor fix^m tV « v.-iibon to tV 

5 J i V. h Ot Iv h ! > t ( > k 5SH ll ( 4U , !l ^ U i > > 

i->r^vi !s Son 3 c v5im<tom»Uv^^har no Nv >, i h p << n(,.urvnB^ 
n& -<ni >> d 'v I t tn * *r tnrni ^ > s n \j o^ u a) uns » 

i,<,r->o* mjO t^wge^ o,nd f u i tuv.^ g.tk t <. h'!,vKg<,'^s aiu^JK^t to tl.«> mtRHon 

Opteooaily, the psot$xtx backbone saracmre may bs altesed prsdr ibe 
i tdlY'ii^ outhma baov\ Ib t{«5 e j bodwst, the vpK^mjutjQjj of t1 0 Ht^^n^ 
prate} baclvbuac stuKtJsrx. js. teducM to a de^enjlsoa of tb*, spatial aHa%<.ii K.xii of 
tts su:<3idsiv stmctisial dcmejjls. 'Hi*, rviabvc pot.itioai. of the -seeonAuy sbttonjn. 

.•"^ deaeitfe ars dtf&ed by a set ot parssiietcts caMtd s,xipcrse 0 Is ^ ti viu - 
meters Thest, 5W^met<^is Si^sigiicd vake^ that cajj b^. nur.h >s 
T^itelj- vaned to aitsa- tSe axrangcm^'nt of ihe necmdarv dtstj^toe eiesBesti, r*( 
u y<!«cc ht't baokk»ne llei.sbility 11 0 atosruc ooot^mtos ni bicUfOtt^ .'jc 
tlKfi ct^ajige^' to a-floct sbe alte ed -supaseooi dasf>' ^an cttiral |" a t(.L\ ?U 

0 w uH)^d3-s' isr« mput i in the svstcm foi a^e m the j.«b*,^quc . protv^in 
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woo 0 



feem hv reference. 



^'5^1 ! i^hs. ivouier. (le, U\o gro4i{u th? x-^' '>r<«->Uv 

,^>J^ > s. tonfo'^ jt oaai mcigj' of 4 pronsm m&> abo R reTen^ to a 

lypimUy, fee c<?n:tomjatoa1 snetgy js calculated mmg &n essrgv "tMce- 
feid" That Ciskates or estimates: thiS wrgs? cemwbatjm ird 
wh c!i (iepeud v| on the confomiatnji ».t a i olecule The foTOc-tVM uc^'ip s«d of 
tej.««i mcluJe (fee coafomYate &l m^xg^ of the aipM-c^oa backbone, 
£rbaia ba«.kbors mti^iacttox^s % id "^tdc b - sjjde chaH snic AOtio«s, fypjcallj 
iattwctios& \uth the baekboo« o s de ch&m ncludc tcnt^^ foi bo«d mi&i <m, oosd 
tOMor* and bo»id letigrb Ih? Wckbcaie-feKfe cb&n a&d fede chara-*,dv' cbmn 
jtsiacioub md«de van der W^sals miOia«ten&, hy<irogen~hf>»<h>>j, vLs-t^C'^.s 

a pole mfe actjosis* atid s.aadapofo mtetasct Oikr mmtsx terms- mas ai^o be 
nciudi'd Fojco-feldis. tMt oiay be «sed. to d*f^nniii« tl e coj^foiotatso u1 a vry> fot v» 
jX>'Mne 33» ^\Ui known m thv irt > \1 uKh dt me CHARMM (v^ Bco. s ? 
Omo CVm i«^V i!i5:--?r, J^%ja^icU et Si JO tIk I M hr--^H u 
Comn«'atit>ijal Chemjfctrv-, Vol I 27|~27"?, lobij Wdev A 1 s < 'J % ^'"sn! 

Pb%s <^he ) .OQ*: 09 i^n 3S4r>, Werner al , T « omp Ch $ ^ ^ ! k 

\\ v.\.io- e* J AiUvt (.horn "^x iO<$ "*(>5^ d DUbJniN^ wit i 

Olca iV9C o^'~S8^57>ir*iVt;-M(K to jm . c but a few 



Mi, <. •> dv^^crn d in l>sl & Maso Such^x. >«" 27^ ia<, to.« t tid v.j.n aHo 

t<.r<?iotsu 81 i 6 0' tei^rescs S^o (,g, Niti t 1, Vudeti^ K \ Hoajg B 
Hnoft R W kbbe C\ \ tad Or & Made R C-, "Ta^p ms ^ mactxsxuiKois 

I o-^kl- «^ L I blisxp k 1 Hosjig B H alcubtifJi of Uei.tro'5Ur<>, s1^^^e^ <tt to*? 
am? )0 ternjH «^ oi a« alpha tssi \ B ophy& J , t " 23^1 22M HeaOn o T s 

Tid*- r B "Do -Sxilt budges s^Mb 1 ^fe prott'ii><«—a cui m mm acetycfem^ .'a-^K* 
f rate SI 'voju^cc, ^ 213 22o {,1994^ Sv1ocd«:i T p K^r n DcGiaO*.* V 1 A. 
destsraed bwna s lU bndgvs 1 a hctv. ^,1' v oil ) Ax, i hua Sos. ih' 
;3''4^ {m7) biMdv i V, Headsd ^ 1 dor I {kvts n ill hu JXvS >n p < 
mscixuv a»d ae'vign, P otem bc-va^t .n9S ^9*4 ^^ j ? »! -.ad 

isobt rcltJi^eU See t g , TacUon i» i )\ > -5 u ^ IXJ i.*^ \ N h^u i V, 

m soi«bo ^ - V i nt . ' > J* *2> Uordo ^ & Msu\ nipa 

^ ' ■> ^ 5^ 1 at; it,s.jii{ e^ iti < mlo-ak ihat mtoiact Umu^h am 
iii lis- U li c i i i i^ iK^mevj the *t^o e iduQs i«? tbe viure leknisd to as s 
V Kipling t^et^a^or. ' ^ pkd xi.b4at& gen^mlH cnit^ib-«k to poHsssr fits ess 
th s? gh tlK< voupbns? wtsfSv-tio j lynt>j1b tht cotipl a^ n i&ma^on a pi j ^d! m 
dcaaval atet^'ioa, sach m tJe^^omtic ajt<;rKfeon, a van de \>'A&h 
'au icttt.* . h<^J^gvJft bo idiag istsajctjoa, «i g toil bmmosi ihcreol A a ot 
tv «^oypl jjg interact^*? , iha^giag t*is do U> yf citber rcsswnc niU atc-ct th«3 
'fita^N tiic jolutik parties Wly U tfeai ge djsrapts t u <,(^npl j g j^itexaajoi 
bc*v\ce^*K *\^o t!*juae Coup'sitg rtsf uvlio xs^y aKobe Uv&c ibU b adst^ixe 
5< lioii^'e* a*si4 v« ta t j oiecala Ik tU, i^e^ du^--, are mihia a cukiit 
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runt-^s* u*.ed to iitro e th. k \ o*- v1<'^>a v. to n hk h i p }r*icu ar oroper^x 
oj. n ! In im m in K a thv, m\\y it m tit ^e^^ oi ^ ntot**m is 
^ 0^ ih<. in i^ncm i m ki toth^itiO u-'aKiaHlitv, w Jt$I\ti 

u u ^ t f it \ ^Itcnr* >ii '^5lu \ti>. trie m sm-, s u sn ! -^ons 
otm '.it lit ot K J ^ I ! ?.« X 

auv t Idx Mi iTit iU kt \ ttji, >. >K tn> jmx 

1-^ irut-ss 0* utters «^ {Jit. tc^niorsjatio jal s oi ^}K poo r a 1 3 

c^k» ateU c g a^sg anj austhod known m ik? ajt S<a^, t g B^ix>k B ^ , 

CalcuIauoBs' 1 Ccmp Chem, 4 Ib'SJ; \U\0 S I, OMwn B D 

} (joddard W A 0 "'DM TDIN<t 4. h<.m,m. laxv^ " jeld ior Mokculai SimsUtioa*. " 
T Pr>'?* Ctoi ^f-^ mi \m (,'990) Pabo C O ife buvfa^ick F G "Coiaputei- 

MuUgei oa Piotun Co-^ " ^5? 4*^S 4*E| (1091 V C olombo u Mer- 

K M 'Mdbditx tad Wmty cl M<,sOpMiv. Subtihsm JL and m T3sa*opa»l!c 
Homobg tegxttji from Mol(*cd<Jx !>vxsami;.s Smiulatjoas ' J Ckiu Sot,, 
\n ( \S «mer S I k< itei-aj P A, Cjs-^s D ^ Si igh U Ohio C 

^ <M%onr <j, ^mf tj: S Werner F 4 n&vf, fofcv. hUd foi moluuLti m chumival 
voi) itftiJ lc'( aa<^san.0 9totfcim" J ^JEit Chuii Soo 106 '"b^ 7 {\9S4\ 
C<. V.) th« iu\v.N<^ x{ & pwte ill quajjljfW <.o th^^ tb« ntnc s \ due tp^. e& s,n 
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{contonnaUoiJsl on<.-^u\ ^ p eicnshh dec os^ed), Jse vaivc m<n be {he 

negative coMomiaJsoui energy; t,e-. h---h. 

Ik S i 11 t ^ <M . 

1 i o ' h h s ^ o t ! ^ <. tlx 0 . . ! «x ■> 1 

)i K\ i ■<^3? 5 U> iu V i^- tht. f*- i.U ) S t 3 Ss thi K^illk !-> -vSii i>s h?vC 

fitasssi S«c& sessdiies, Ifeemore have a low cofttnbutes; to &e protem fesss. 

to mtfisinaticaliy eteamate bad xotamers and c<?mbmatJOSi$ of lOtaasejs ussM a siagle 

jat«aci a fisted ba«lboa« thwjvtjv^i bai^xs tat DEL prnvides* fcas, 3t the 
DEE seaseh cosJYe^gss. tbe soiauon js iiie global mitjmjmji eaergy eotjfomialKm 



ill k^rKls \ukL-n>, ot ivk totjm ^ I s nx o\ ) hi fuu ^ -"u u 
AW"^) ih^ io J i^-iuKtv tin iu s Uiu s < nUn ii < n -xna 

3S A) 

1 i *i twins I qajJtw to % u Htili i. 1 V I nakesrt 
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1 n> in ' i>^< ? 1 . , i h » I ^ ^ J -SI nii - n 

C) 

10 V h^^ 5 the (.otulv.t. J vr»tcs to toUraer pan's 

15 IUh leads to tilt, doithks eimj.!ialJoa . ^ i < ^ o vncr* ^a^d), hat does 

XGi ei^rnari. d c 5 idi-vsdtiaJ totsa^is coinplct 4 ? s ^, ,fi ssj yJc We nh 
m the CsMFC Thv. Uouble-s ctenajso- - > , i U n > i u 

(.adacf-s -^l tbJt - vd tx^ali IT he , 1 i-h n d siJe i un iu J v W3 ' 
s '■Si 5) { ! s ! ! dK s'.mjmtcx? 

.it . 0 H 35 oi5s . ) Ms ^ i o k.' lin > !on r - < u us ot. ™ Ihor 

>idK * . -.%m « <j I vm*. hi\>> ih. nmn um at 3u add&«!s ihs 
i nts ' o a < » ' '^4 J ^nted r ia«^d3rui oa ot tk c t5„iia feat dsj?»jm ie* it 
'5""^ < * I ^0 rvfW!.t-<; Vthtiv do not, tl k, higher one gi rotoer 
t ^ t<. <. t^ "}■!)! v.! i„ K dwi. ending Hie dottble*, cdlcyktiosi s.'gtitftc^atij jot*, 
vOrRp t d tu. ih«j I'ss gkb u'cHatos To act tk ate the p^v^^SsS other 
vom~>«t u on< « meJuxK k vo Inc». > de\<.iot>od x predict the doubles ^ai^^ulaiuvs*! U, t 



win be lihe 3St5?t produciiw {(.kmloo & Mayo, 3998)< Tbe^e kia^^ of t3todjtkation», 

'-< ^.»i:\xc% c<m hi: C'i--..-ibn--iid tmo ^o-o,-iUc(.i Mipct-'-oiaoscjs to ptomr* furfct 
~'?p1it;si5,^ the 0<-i;r!'om'}i;tiOi3vil f^pj^cc hvsWc'cs^ it?ta!?5i;j-\ nnpsxi-vc*. the etfkicjv>y 

lKK'nu;5, then i Cisn be eUn»xu5ed. Thj<s cas^ wo»ld be detsxtssd by the k't.* 
im'cmioa described bereiri, all of dss described e«fas3)ceme«ts to DEE wsa^ us<;d. 

EflieieiJt Eotosr eHmiaatioii applied to protem sM«»oh^^ and tektei spSB glassgs* 
Miopk^skjsl Jmimixl 66, 1335-1340; Bssmsi, J,j 0e Maeyer, M., Hazes, S, & 
Lastsrsv, J, (1992\ Ths d6ad:^ei3d elimmatiim theorem and Its «ss m protem side-- 
^hmx posMosing, hlmm's 356,539-5425 l>©8me4, i., I>e Maeyer, M. & Lasters, L 

3<) (1994), hi 7fw Protsm FoMwg Pmhkm md Tmimy .^t}7ictwe Prediction (Jr., 
M, t^. Grsad, S. L., eds.), pp. 307-337 (Btrkhaaser, Boston); De Maeyer, M„ 
T>esmv5t b .S:. I deters, L (199"?), All iji one: a bigbly detaik^d ro:<j'::5\;r 'thrary 
improves bodi secunjcy a,o4 spe«d m die modeliag at" :ikh <:h&h\c by dtfiKl-eiKi 
el'mimtioa, FoMfn^ &. Ds$fgn 2, 53-66, Gotdm, B 1^, Sc S, L (i998j, 

2* H^dicil jr^rfbraiaBco e3fsks3E!eea}«nis for combisatonal oputns/aioss algorithms based 
05 U.V 0^ id-end c^mnuiou the».>*vm, Jomml of ( i>im>i,'aui. >h'I '' -\ u r> 'v, 
lfi5*;-15^\ Plevos, N A., Sprint, I A,. Desmct, i., M^y^,, I . (2u!\m, 
s~i->t5kw&uciul it^ng; A more p.f'wcr&l cnfedoo for dead-end elimin&tba; 

30 "'bxpscs^i-'a syssem" tfteans a host cell and compsitfbk^ vectot under ^vi-uii-ie 

oossdittoriSj e.g. for tbe expression of a protebs coded for by tbreigss DNA. carried by 



ihi. \>icii \ a xd in? od? ced to the h.o\i ^^]\ Common ex^-ircs&M ■> -^^sivfa-, n ckidt^ i 
i.oh hii-it celH ?a>i pl?<3asd %o<.t<.r?, aiicci t.<ja<> >.«Ji a-> Ht*^ <>r S ' tcU^ ind 
Pacuiov njs vectors. Of rt^/?t^i alls < Scia o civ*t as ci t? g)i?>ssKtn »> ^^ca *, ^j^J 
masmisliajj hosi ceils mio vscte< 

1 Oi > i V W£ i J ^ i ih i i. t < 

^} ^ i rlKS' ^4. ^, <i ^ \ vi ^ s ^ If OtJ-^»»OI« v53u^.x )i->s 

es ch a&eT, mUudrng wjM-t>p«< s*jque! ts to oj o i i«r* i i(xU \ti> Sad A-tisn pa? " >> 
typscaliv coj):i^>nss sli^meaJs of polymer seqaenees. &gi. asmR seqiissscs alignment 
pmer&ai$ Jmd/osr algsntlims that am wall kn&mi m the att {tm sKsmph^ BLAST. 
I<AS1 A. Stid \fF<T^i KMf to iai«c a te%) T*is art5<!8B c^ti les&M} appreciate 
lihat m ssicb ai!g3sissn.ts, is-tee a muMJoa caaJams a t«ssdiie jmsmos. or ddstaow^ 

O''' \ ^ <f1 •> H ^ ' 

M U OK >, ^ Si > 1 . i^ U 'UK I 0( < >sM! sn ^ 0 > 

hom^< <v« !0. s > * ha u ^ | s i^ ( ^ > ) i s i h ) . ^ s 
t >1tu jikKv i^,inn K. Hi h)j)bg-\, js '■i^ civ.(i o\ ^iK s^^^u 
s ( ^ i n, hK.itttv m by t!i« ps^stnt^j o*" vp^t, fc 

i-esidises ox xiiools and canservsa posiiiOBs, 

Tie %i\ \ "'ssrqiesKe s i i kuty" all grsiimiatjt,a3 to ms, >ik ^ to 
dc^'tov* ofidmitv ot oo'jcspajiidtiKe l?etv!-cc} m^.h c acdo .mnm uctd i.<fi> 
th<n m^y o'- av sot &hai-e s corns o j evolutio as> ongm (»t;c, Re«*.k a! , >npi< ) 
J Ov'kO'se , if! ci mirou o&ajts <ma m the jmt^t ajvpitcdt oxi, I'.e t«. m ' iio jo!og<m' ^ 
whK' ^ t5 odxtlv-4 ^vitli m advt h *Uv.l3 as "hsglih , may refer to *,qy!,scc ^ miiaxity 
ajKl <\ ^Ki ms.\ lot re'?t<- to a w^ias o > cwi UxrvBai> mp. 
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s«c>^ as a »,D^^V geaamic DNA, or RNA-^ »Hcn a t»mj,»e siunded ioxm uf ihc 
i\ \ I moJfciilc c^-i Hxm^il to fee ote iwckx <«^t.Kl nioiccuJe r'lcjer 

a' i/<>fet"/«» f ,<->M»jfe JMwwtA-;?^ Mor 'V Seofnd Edmoa (id8«>) Cold Spnsg 
Harbfsr La < s I^<. a C o d ^,>ttuo LjjrK-ij K \ ) Ihc t.o«dT^ioa<! oi .mpardlussf 

f i - N \ n K o ^ ■> k-i (. "^S<-f ^ nHs 

vo 1^ lujst i ' ^ 0" <> N> ! M 

^.ij-vi. o-^fkMcs < ui mil ]u t ^ 1 ^(Oi ! tU k •<•'^. 

^f■ vo^ ^ it u ' it!^ ! Si i i 0 N Jht, ; ii v 

c ! \ r i a £ i f < h<-l n h t! < n (.us s<. i! 

Co . ok ^ . \ >.l\ % ON V xv\ ^ i ^\ . r J 1 < * ! Hr 

^sn b H 5 ^' ^i'' <■ 1 1 J. >j ' \ l ' ds/ tT on \. t kit ^3 n kK i 

>hi\\ i.^ ^Hu<, Ik ^ it V ivtKKb 1 \>H(.e<5 rovV>, mpoxi'iA an the 

biinh >K> V. i hu i ^. 1 J< dUvJiJis v>» it. «jpu ht^n S 1j * >i u il ' 4^ , 

is St l«{5&t abosR 20 tiiickotides. 

oi thoht Jim lit'kes condjt'om as sk^t toxfx sht>ve 1» a pjeiViicd «mbodHJi«rftt, 
tt)^ i 60' <. a moR. pr£^ued emt^i^diiBsnt the 1« js 65*^4"' M <« fepccitK 
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68^.' t' Q2^^S(\ ii 42X m faumm^v^ -^SSC o\ under contimon^ t\u 
<*ftbid levels ef %t>n<'iX8tioo e<}uiYale3 1 to those ol^fveC uii>5trx e.ther < f th«so n^o 

Si uuk h ^ )0 i i n I <iiKk > (v 0* 

IS cm^xtkm sSiat sffoid eqmvsfeM levels of hyfedisatioa; 

''Pofyjseptjde^" "cspM«** or '"protein" are «ged mtsmlsangabiy to descisbe a 
Cham of amme ackls that am Mnkei together ly dtemwal hmd'i called "'poptisit 
bonds " A pKtc«i 05 polypeptide, mciudmg &o eti^ytne, may be & '"Mtjve" ot %jy 
t^'pe*"* aiwsag flmt it oecisss la ftatesss; or it asay be a "aiutsttjr'i "vamiit" oir 

5o modmed"v mesasi^ it ms bem »3sde. alteted. dmved^ or 3S m some ymy 
0. ffeii^.H or ehasi^tfd ftos a t;<wi\ pvoUxn or from ajioiher mata«t 

v-'c < I -tfc^, c-i ■> anif I hi., ^ ! i.\K>, k > 1 1'- t f is^c- 
!.\»\ OS! d'^ t><. !i ^ evfine h > t b jiv.]<cfi> tbso r . 
vCAtctJu-^ x>>tAuyii> iic v5llow<:i 'f the po^itit'S ss uoi ni «i> hdix A lu<,ki^o\> 



Ii5 {£<,nerJ, a back ui v peadeat bbrars u pn-f^ncd m tlK <i.i\&jckj Uku o v<j 
Ibs.ttis i» ioiipii*Jto alH raois cxp*. i>> \e aud for ^« Hce ^ad d« v 
san fee usea at anv posnjoa. 

> K s< U { ) > djlH ^ ^i! t 

{ i! n t 1 ilK 1 i - r N ^ 

' 5. pisii I i n{ ^. <vt,« imn\ '"vqu u\ A^ii »,or sv- dt i i 

^ ^ s k ^ < K«, J stJ i X addition, Jtjs pt.^-abk to M j^'sidui.'^ as i.on 

'|j\ei ix'stdii. jiosto' m^sdu^ that ths -osjAie d^jtitjed xi \hs ihw 

fosthm i hftw Its onp d i.i.rxfovmx^m ife m > o « 5> sot conrek c xu 
spmihis mtsmer ol &e rotams?r b&rsr^' feemg tised), AKmsiiS'^sly. ri^idasgs may bs 
nx«d as a sos-wjM t^<pe igsjaue depsadsng aa d<^j^i aeeds; for exampie, vahm 
kro^rx sjte-dsaa^d i s it-cfamqut. ha\^ <bm \ that i part o«lar re idi^t. 

dfcMT {foi txsi pie to dl33siTUi*e a prnteolvtst- site ot altsj tk, sab^tratt. spi-<. n 
oi its ^ARS^j the jdxie inv.\ be m a ptitscuU amino a id Kv^ d -ths b 
'^ud 1 h<*c> b«* trr loi Inj'kc^ to vfc^cturalH bjoVv^ ^^'^ s a i 

i <. J ! I n t 5 N <. |<.Mi! ! 1 n ( U H. 

^ 5 H ! I I \ \ t t I i I 5 Si 1 

«^ 5 <^ 1 !U ? U S f iU (tit > 

5» his (Us u n ) an \ n 

all possibfsjtsss m betWigeB. 



1 iuv'a^^c S^siv>i(e <MdSf'u ntf^v MirmaL^^). f)} >H\ i S") 

\n 3 au< itNi. tt-in h-^ i in) ] x. >U3 t^i Ji 

St si5 t«U 40 ! f i (ij. v1.. it 

J.K ' 1 k J V ii »^ n ^.hn s J Ui X « O S J I k 

\iu{>^ hoti \ in ^! > !! 1 iUi !S 1 i i n JO V s > k 

^.^\^t^ I.U kk hi Jili„ piVki,? 5 siJ^)>0!i V. sis sSj ( 

10 \in< t?Kv.nv. ' ^\■)<li ' i't i I K i iivi i i i 5 ii* *i Ji'l>H h o ^ 

■>\iiiiv. is n-^y 1^ tlUiu jvsi w o !> iMTK) > >s i is 

NU-^ Os <.iilS ^ V. < ^ > ^ ^ S i 1 

Irsi ) uii ji. ? o iu ■> |! \.i-^din<i hv--t. X iUv^ ti' ^.Ho 

ih rh-'f Si. ii ta (!K ti uM) -3 si- i^ "-il '■Uts^ats ammo md, j&mce th ;> 
IS ! it ti* rjcit n\t 1v J 55i>oa;iut mi ti^t, aUe ^ m sto^-* 

Ihe AARSs may be .torn any ssgsmsm, mcisdmg prokaiyoKss «ssd 
eijkasvoiss^ witii e^sj^mes S»m mctem, mngi^ extremeophlks sacli m the 
arclssbgctssm. worm, sisscts, fisk ampiiibiatj, bsjds, asfmais (pastacaiarly Tjaamisals 
sttd p&tUasiarfy ImmsBf aad plants aiipomble. 

1ii.s«f ix!t f< iji t 1^ ? i I n\ H i<n iB \ 

V\^h Hvii < ' J>', U: ^ 9"""^ s's ^ 3 k 

\\K^ ih^iWo us a s,j { p i-, o H K 

m ^^^i > .s i . I ! it ^ ' ^ IX 

t >\ V h <. ■>! i|skvd \Mih P iv.ii\ xd «.a3x s. h< soi * ol „ ^ii<. ib 

Pto jstsucma. daUbas!,;; MulccisLr MoAlisg DataBa-v. i^vrfT'>B> o^tu 
o\WBncsUl aaU tiom crv^ftaBsgraj-ii u ard \V1R .ttt^tUv t.s<>. nat^ o Ik 
sa v]a<^ o i^iMDB aio ot>taMkd from the Vm&m Dan '^.juJ iPD^) 1^4, \iH\ 



oj 3J50ist!ujar strucujiss horn temez. 

IK ^ > ) ! . \k I 

ijoimm-> ders e<i Iron I'-o ai C!>lluJ ^s*^ -^jd-^u d iMitn ^1 n m >. 
10 UrscnptK asjJ ltnk& to utalions Sixn.s t<>s5&sfivc.tl dotsjams <,oiaspond to Loxr|\ ct 

lo sdanCity t,oi-*med do i a ijfe i pw^^xt '^nm.c, ^ Cl> SessUx s,c vkc 

c^smpsred to a posmoia-spscifjc scose juainx ptepared feom s533deiiyj3EsR 
1^ v<<n&vrvvd domai} aUmwnt Hits imv be dissri^^ed as a paj^vMs^ ahpjm>*i t oi Itc 
qtteiv s^queasse wjfh & represe^^tive domam s^asace* or as a maltspk Sis;^ffise8t 
CD Sta xh lou n m« by dsiatslt m ^asallel Vk3& protds <.! o'* W^jlc 

the m<?r waits tor fee BLA&l queue to ttr&er prtfsess tlie i:equest, &e demssn 
a v-feil-sxters? of ihe {|iv,j> max alB:.ad> Ise stubbed in addsts<m CPAKT tsu 
2v osi d v<*<l Do U5 1 \ tev.tsjsv* KsiTunai Tool al^tm^ \ s»«» t^> ssesivh i< j ptote «s> 
\\?th sjimjk domam jisvI Uevla t*- CO SRI uses precoippiste i {l>?>8a?vh ft«uhi> ^^ 
UK i ut\ pioi^iife w ith d *>e:t ot domajiis ssimiki to that ol hv qvt rs i s moBs 

V- .hki ^ «u a 1 \muii R ^0 ' "-^^ "> 

n i duuj J I ^ !u 1 b ^ ^!( ( K J 

lib sIku ^ I i ^ r k! ^hi t U i ^ 1 ^^^ \ 

A < , . ■> 'K)l (rk^ Ml I h.\\ n hi 

vitt M "i ! NH.«dt3if Svb (htp •> ' X n s I u ] « i h j 

V.S i s k o lit ]l \\v>v 1 0«i f^sUviU t Sl.v,v.^s i i I i 

i ^ b> o th ^itifv th<. l<Uc JtKW s-v .ivii t b< i K m ^ 
-27. 



acids aiid«aspubb5,hvab\ KMnea il 'u.^' 286 ^^^^l l*!"'"0^*<?>)\tht Vshi 
fT>\ \ vj^-n betas.. *or no^jsv. > u A«>) nis. Po"* «nra<s <<.kk '^uC'^nOO \c 

> oi, 1 >' > S o}}i> ^ < (W « , ( t *<? f'V' ciS**'!, f< ioH Mid mumetm & oditT 

( -!'f d \ 1! 1 oUitJt i for i.<MKl v-i )<- I M-aixb 

ptupnetorv pnv^sls caf abases. 

i-asttcaiu ss* not laov\s. but p.otem s^eqaesc*; ?s ^j*-' .Ui ox 1h> n::ci ^ to 
a kjiov».ii VKS scquossci, with u losov^-n <rry>M\ atnicto In M,K.h msmjw>>, n 
c\pev.t*,d thai *h8 i?ooton«&toii the AAK*? m qwvUon mU bt -m-ixUi to 

theatorv,, foe U4.ed a& tix^'' i^frumre Jo tbt AARS of aawe&t. or more pTcimy> may 
bs, used to fsrsa^ot tin* fete ik tec; ot tfe -^^S of uteu'st (3 0 m ^homologj 

Modclaig D&t^as<. {MKE^B) dei.aibed abo^e (^ec, Wsrsg el al ¥m<^ .fr«?? .^ci 
:;000 2S24^-24:>, M&ichk^-Baud? ot d \'t>ci AuJs R^'i m^.Z" Z^0~24^) 
prdviUvJN 'search siig'iivs thai may ii^scd *o tdesti^ protems* tac/ot msdctc acids 

S(,qa.»Si>:e!> U) lb? MMOBf, md^drng aeighhoung seqaence'* who&<, tec- 
dtmv'Si»io«a1 ^^r ivtux*.? <i«; KiwinT Ih.; da^saie to to pjovsde? litti^ to the knosvn 
sstm^tujx-s aiosg wsth Alt^»jtct>t siid vi>»aal5*.>^tiO« tooli., bWd? as C»^D (dmeioped by 
Ea&Mol, , Asvjebj t?>e lK}riol9gi>us and patx'ai s^0>J«ca^Jw may be 
4.0ja vtsi <md s stactMre muv he ohm ned tor parest s*jqaea^<, tee^ on virvh 

?sj " V K-ist.tvKfi 0 Ot -it V '-s*^ IH t Xt. > U I ^. 15 5 

0' at Ics^t dlN)^ t v^ 'a itotjcai to tfjfe 'VVRS iotUi^is^ 3« fbe ^c-ttv* Mtc Kjgtosi os the 
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pocket icgjon fv>t <-Xi^ vo aciJ <*iibi,trate bmdm^ SaUi "JvU-vv > povVe* •> si^av 
not be couhnuocs^ 'S the p tJwn arimo actd »e<]iiciit.t ^.t tiv \ARS s'we' a ^na 
amiso * >. xUif srA cotjw togcte m the iD-stiuctate la u bK\ i&qi?^ j\ e aosJiOU-*g% 
cf c^v.^-«fav crfku^akd uj^mg mi t-\mpk. ?ise K< BI s<a o^ia DT XSTp 

? to ^.f ah \HK \ \ ii Uv * j^h i Mj^^un>t if > oh<i%v.. 

'hw i i ^^cLu lo '■>-^ I <m n<^^ it bo -> hmu 

^ fK ^ r ^« untt n-ovi -^'> i t si o u1' id I H > 

h f tisi \ n\m \Ki h ni<- ^ \ s « mus sn hi 

thikcna). y«8*.t «.em?AW> couBferpferl&x sy5.p«xti\ei? 
1^1 the tevi ca<»e& where tht s»tjtii.t«i^ tm « pamculaj AAR^S <s&.qaeaa! sT«av not 
be fci50%va o^' <najkhk\ tl m tvptcalfy jx>*,«ble tx> de{;emii33e die Ntractuse tJSissg 
2 5 jv>tttm<!S «\py.imuiUl leclmivjucs (tor e-vsnipte X-ray (xr>&Ui!lwgnsphv aiul Nftidvsr 
Kt<igssi.ii(, Ruosf ace (^TMR) ^spsctioscoj-y) and mfeoa*. tmdu& e\perimtmAiioa S<?c, 

UmN emtj Fsv?^ lac , Nvjvs Vo3k (1 993), l^jjma R, iorcks V A, xotcm Dyojanucs 
tixm NMV Nut SJ^nwt Bj^I ^ 740-74^ p)00), Wser K, H K*iy i E The u&o 
ot 11-2 muitidiitac»MOml 3Sf&IR to sti^j tJ^e smiet^ire ana tljiiamK-, t»f 

ptotcn\s " <\]3H« Rex Bwph Biora.i? Jt>M06 (l<)9{>) M% L^ **NMR methods 
id. tk stidv of ^lektm sttruchisv snd 4>mmjc*<" Bxc>ohe"tU Btol, 7*i 1 1-^ 
n^JyX l^&yic k T Wagaer G, lefevjo J f- ''ih<s<n> and piacncc nuck^u s-pm 
isiajoitift- n paMtfitC Amis Rft% Pkj-s Chesn, "r? 243-282 Wottech K 

'WiR Ih-^s aad odier raeftods* for prote'Ji as5<3 aiicbic-octd stiouuix 
ds-^tc^miratHJK' -^ckt (X-ietaito^^ D, "SI 249~'J70 ti9<)'>) R^Imi R, < arptnacr 
Bsifcct-Cob^ ii«< V t\ « -il 'Fta^is^i'i*) ard iwiew of anc'raa{ou& X~rav ditf'-actson 



at iotsg wavelsj^gfes it? materfelx rssecijch mid profeia cr>sfci1logsapby/' J. 
Synohrotmtj Estdiat., 7; (2000); <Mdey A J, Wiles M C J, "Macmmakcislsr 

cyrstallography as a too! tm iiv/^stipi^ng dmg, es^^iiie asi<| j-eceptor mtmctba? " 
Clm, Bxp. Pharmacoi, P.;27: 145-1 51 (2000)j Fourme K, Shepard W, SdrflJx; M, et 
5 "Better streetos. tVom bete dafe ttogfc bete juethods; a j-eview of 

devslopiTtsiits m de siovo niscromokxdar phasing lechniq«t=;s sskI i5«isocis?cd 
mstrame^mbaat LUKE," 1 Suichr,<to \ R.^j-,, , -y ^ ^ ; i ; |um'.>! 

AttemaJ-ivdy, in ;c,=;n prcLus'--:. sj; lk- U:;v.--<:;;£ncr;oios;al 

case .^f b \<\5^S Nv..t>«;\e ni-s v . . . » i\ l n„ .\ \ i .uk! >;su<4- 

If' <-•;> //?;<</<■..< tiiok-ojJ;iJ nxxk-tiji^ tvxhn.qikv- aUc-,K!y io^ywn m an. ,^ K.,g„ Sixmh T 

apr!o;irh..;>:," J Ouavui. Bk^L, 4- 2! 7--.->15 a9<:j'.-V lii^enrajhcr }\ Fi-otuntel C. Argos 

cOi»positiou aiv<ne ;>. T^o ;\u<kU», v/i-h scuxmd«rv strsKSuTK] cla^s.'^ Proteim, 24: 
J5 U9~179 (199<->); Bob;!) "New approaches isj niolooussr vixaotnre prediction/' 
Bsopb>'& C:hejii,. 59; {I99(i}- f-emnv 1 S, Bryani S H, "New program for 
protsijj tertiary stmctme pft'diotion/' Biolechttol, il; 479-484, S^\indells 
M B, Thorton J M ^'Siracusre predfctioa and aioddmg," Cxm. Opm. Biotech., 2; 
512-519 (l^>91); Uvi- M, Gmfem M, Xiuang B, st al„ «Pmtdn folditjg: The 

:iO e-udgasne;' .-\imu. Rev, Bitxto,, §6: 5A9-579 {mi). Eisenfeste R, FeTOX B„ 
Argos P„ "Proiei«-stajctu«^ pseditctiOH - reoogsitiofi of pnnisjy, secoKd&iy, md 
tm\^xy mxmx&lfsstixtmtom amMiO-scid-sequimco;' Csit Re's? BiochesT Mol, 30:1* 
94(1995); Xls Huatig E S, Levitt M, et aL, "Ab imtio cosstraelios of pxoteixi 
teTtiarj' slr«ct$ss«s asmg a hiemicMcal appioacb," J. Mol Biol, 300:171 -I§5 (2000); 

35 Jones D T, "Intern gtr«ctui« prs?dic(ios m the post genoxraceiV' C::bjt Opm Struc 
Biol, 10; 37^379 (2000). Three-dimeassoasI strijotures obtained tjx)ta ab Miio 
modeimg 8?e typically kss j^liaMe Jhsa stmctures obtained issmg mpidcaJ (e.g., 
NMH spectroscopy or X-ray cjystaBogi^by) settii-mplricai (e.g., homology 
moddisjg) techmqssss. However, sucis sttisctjaigs vvsH generally be of suf^lcieaf 

.s{» qjialhy, altljough less pi-oferesd, for use m the methods of iMs mvontioH, 

For additioual d«{ail&\ see section G below. 
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B, BiTidtn^Sm Design 

Hie pt\>tcm de&jgjt algutUku ORBU dtf^t-ji-Oii,^ u iUl i>A md M-'vo 
{P>utem 5(5) Hfc-y03 m4 Stance 2n 82-87, J 99'' eutu-c vO.»{>;at^ 

t coipuwtcvl heiem by eiejieMc©) m6 l>&hi\M 0t a! iJ ¥oi Biol 273(41 
i«*9", ^tttic conieai mcoipora*»,d hei«J i bv lv^fe5e^^c^e^ v4ti be usfe4 *o pt»;uut tlv 
^/pt »3a%i am o %«d s»sqtjen.;.es» of Sse \m dtjig |jo<.kct ft>r bmdrag io th^ Jtftcunrt 
Ahfeough ofee? simikt or equn^vat aym'ttes may aKo i?s used io tl i 
^ n t ri*tp^>-«? ^'^ ith rtUHOJ modif cstKm HdetUoa ui > v {x rtomvd u^i'^.i, 

(if mpr<. ' p U\ sKfK)>> MKf! V s V. ti^vd to colcdatc ptu-vt'5^e 

h male (.ouJomiatK) d >tck-'UKv^N -^ndthiro^t dvvhun^ i Hi s nnil 
iSKXt i>*to SKI i « K>«iH» Mliht ^ iros i »c M-iibc- 

dvpoadsat iutittKMit. fu'tejienuess ir &i<ie c^ai!> lu ». m ^n-u i^a 
based oss the d »ixtidwv (ho roJsmers ontk i mitv-i^Mto tonk'uo n OKHL 
•>i) account ft % to isJOB-il tiexjbihto ot '^idi, Kkmih b> p u^sAug rot<>i hbjs"t>> 
t!i5t are based o\ik^se4c%eiopcd bv DafccksndKAsr^a$(Ot * <<.!^ k.splu-, 
/ \hi Bi,>nsm^ 543 74, m\ Duibmcka-dKaipiui. AV » 6'^^ IN 
^0 I»«>4, votiiv ^oit««ts oi v%l«c1 ajtf ail x icopo atcsd herein hy Kjit?vti(,e! 

n o«i do^sig viodd bke to optsmue the bu duig poirks't ni ;an A lor 
bjfidr^ uj the fiieats^d aia»og<! Ti pesfotaiiBg the Oftimi^tioa cals.uhtiOsr, 
woald like vaA> a* tOiSsiOaal angles ot the ,sfe.ud<M «3s<4og5. mA oU«u> linmg 
t^v poeUt mulu^isfouily Thj& reqyj t?$ g«; >etsttng roUmer bbtanes* ki fl e a J^tlog^ 
MKvr>, ^'5V «it -'ic1u<.eJ ntv ^u>\'iKi uMuno* kHuie H>Si.^hif c r<i p* k i 

5ti SinCi; the residues sa Ihe ptx;ket juv boxicu in <h-i- proifcm tstrucUne, -nc Uiieo 

fojfce field parauietets slmlar to tbose used mpmtem ct?i^ desigi) cakuktiojis. Tlie 
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design algorilfea uses energy tm based <m & fore« field th&t bdudes der 
Waste mOTto, ekctrostsfe feteractioes, hydrogm bondfeg, awl solvaticsii 
eflecfe (see GoKlon Curr 0pm Stnm Bml 9{4); 509*13, 1999, eatite mmmt 
em bv ;t«fereo.ce). 



mvolveij Is cridcal interactions bv'^.x-eer> the A^^riS atKl thft 'Kduial aniiiia ackl 
backbone (the ?c-orJlc<.i "avichor li-siducs") sre Idsmitk-d, Thcde ressd«e r-oHs'iiotss^ 
an? i'lxcd In kietitity s;ic1 xuSaroenc confonvurdoi? in the .^^^suin^ calcylatios. 
Moanwiiikv residue positioxss m tlie AAR8, v;s|xtciaOy thos.^ in the bi.ndin,i> pocket 
s oi the iiate&l subsMe a^imo add (or ii 



& below) are ran by fisiag identity of s pailiailar 
amlog, aud Yaryiug the target p<?sife>s oa the AARS tbscribed abow. Ceitaiti 
target posmons nmy be allowed 1» be any of tU 20 natural smmo acids, wife the 
iS possible exception of pmlim, mefhionme or cyslsise. These amino acids m&j 
aevartbeless by be allowed at tee posita if the wild-tj'jse ideatitj' of these 
posittoas ate Mst, Pro, or Cys, At certain ote lafgel positions, only atiiiao adds 




; positioi- ^vib.cb has; been shown io have- aisctod 3ubsir<*i« s.p<;cificity may 
also Mp ia t5i® d8s%o pmcess. 



WEifbrajsUos ia ail the 
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As an miti&i attempt, &U the maiog rotsmsi-s generaied m the rotsumr librar/ 
srt allowed k the ciUcoiatioa. As a coKssqaence, ceitam rotamers selected m the 
;;truct«a> (AARS-8aalog) generated m&y mt ^ bwied i« fee bmding pocket, 
s;>sis p&r; or most of the anidog may b« solvmt-ejqpa^M, A second (or more 
5 suiK^eoiK'-ru) c;i]c-ilatjo«(?;) can than be rua sHowmg miy Ssose anabg sotasa^ tM. 
s\oi!y paci; into tae binding pocket. These ats: tlie a-)miets wth sti ^x)ssibk 

dv2^F of toysJosal angSe variations, in incr&sKsnts of, asy 2% 3^ m 5% etc. Use 
stmctKre generated in this cakulation pi-eferably wfll have the sojlabk part of the 
10 ai-5tk)g buxiod in xha pocket, and iiS pi-!Sler<sbjy i^oxsipJeit-iy, or alxnosi compk:te.|y 
siiperixj3j)0sab1e with die mtmsi substiUte ammo acid m the AARS csystal slxuctuiie, 

M „ |. >^se.i .3>v<.i5 ^oo 5 "no ,>5;sv '>rs.( Ir^klw^' vtjipaxi^ :i Jsac^xS 

IS t« itiC! ^uat .itatiXf, ard «jmm5i?:SOO!s ot nnrv vKK' >rqovm«s, c>.p<,^3aiH tao 

AARS ^itli its mleu4(54 as alog bound ia the bmdnu n v< i< s iti, tiA x\\s& s&hmst^ 
am no acid SmitUr to protesB doss^^, s«cK mspix^^b !r.e*;k» isA & sotpea^ oj ssot 
ot fe».v^\ii5ncci. thai mU fold lato a deM!c4 stractuiv ile^e <ippt<'Kkv- c«n >c 
coj ^stt^ wiih & >rotem toUtag" approach ^hkli attempts* to pse-diCt a ^tmcttst^, 

20 takm by a pvm mqusnss. In a gsaemfeM appmaoh, target AAES residue 
po&it.s?j s tli^t )js selected for jv-de&jgn m daom nod base4 the cntei a t£'SOnbo4 
akne U w<3$; dssrax of aii^ positiom to be vaned are to ts i owd IV resulatig 
smictui-e comiatjifss of the pi-ote a backboise {mokding tfeo tked bsAbotse vstnschsrc 
tbv analog^ am! ilie rtuumj jg accfhaHi& is. called ihe tempfote. Each variable 

25; tesidae position can tfaei b® aptiomliy cias^iifted a- a tore sessidac, a Ntrfacc 
iSiayiic. ar a kxiMary residue In tliat s^se, each ji. .ficauon c^eiii os a s>«t>set of 
possibk* aortjo ^id w^dues fci the wsttiou {kn v'\axj5.ple. core rv^idu^. g<;i c a'h 
\>^^t K sel«ctc<.^ 5^e set of hydrophobic r^sidsss^, smfece xwfsjdueb g 'iieraUy ^ U 
l>e sek^tsd i" w i ttit^ I ^'^kophiUc ressida^s, a^d bou idaj> n;s>sdtJes may o ih& ) 

M I J'cb am 5 o s'Cid roj^idue tbe amlog can be tep *;5»^jtcd bv a dssc^rct;; ^ct or ali 
aio\\ >. d oonfoiB 01" each ijsde cfeam. calKI totitrafen, to ats s v«: a* au optji^tal 

«33' 



<^ai«t,s<^ tor a 1 5 kbok til |^«o«s'5sUf <«t.qi£;«<.i.s vji loiS'ii-i^ tni*.t k s*.}Oii<.d 
t Si. ^ It. u o uhset ol no aad und thuj. suHv.iot ^tamtcs 

, 1 n ^ lied the roto*^'- i?. i > j ^ 

eiej^ 1 «1t ijd J <.n ih ivtirnt. 'd<? him f s 3l 

«ts actions B cakiiUl I u In s i ? n i n i U 

ejiergv ol stem (ksy <?SnictuTx. prop^,!? iJ> eueigj oi c tvs sot j i 
L<* elaiu m c (*5ec uordo« s, m ^ipr^i) Tho s tfeo total ctje © t-sth ' ">ta e 
a to iti ^.x> both itJi tb-* Mckfeonv md othtt loUa t ^ ^ cakuHk-d m& su jed m a 
matrix Jotm. 

dj'^creis naiu e of lotoer tr ?3lo\ <5 -a Mmpb cakisimos of the i mibct 
u to*-iuK s<qt i.si*.sj^ is3 bs Ushk,4 \ bdckboae of lenftis si ^ith m po5,Hi*ik iotas t n 
■> 1 •> sttot v,i}\ h&va pos-iibte ^ot=3»ivr <.i.q»c«v<.s, -i tmmhm ^hxd grows 
*jxpo illj ^^-itH seqt c us length ai'd ret ds^ il v <«alct fetsons either «rv«vid> o 

D i1 ^ 1 ihmmA^ios ' (DLL) ^.akuJafeOB pttfonud rh%. 71 h cxL Lttcs is 
\ ,.«e<. 01 U I iHM ^<t WJr t total mte^-jcitoxi oi a hi t i^tmiei ts \U 1 if^ttn 



cv. UnU ! il nth i nmm \ i « uunr sxhta^ j i. Js *he 
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Once gtoM soklioa h&s been foxmd, « seas-ch (stsch as Monte C&tlo 
search) may be doue to geximte a aujk- ordered list of seqixeuc<!S in &s 
neighborhood of Ihe DKE soluiioii, Sfsrfeg st fee DER soludoiij xaj>doin petitions 
are changed to other votoe^^s^ and tJie m^v sec^xisoce eserj^y is o^cuiatsd. if the nsvv 
s scqucn-x: jc-eett; 'Lhs cdteria for aeoeptaucft, ii h tss«d m a stsstfeg |x>iut for aaotte 
jump. Atk r ;■; pysdeic-nnlnetl numbsf of jatrips, a rax-k-oxdsa^d list of ssqaoncos is 
.^SK«8d, lypicaOy. 10" jumps (stepj:) at' « us^d in a ^•k^x■!:e Carls seaicb. 

I he ressih^ jrisv tlien be cxpsi ioter-tally ^'!.rruh^u by phyd;caDy generaung on<; 
ox iw.:w ■.->! the pjvsteio ss<j\.iem'cs itiHowcd by expeci-TK-ntaJ ist;h:ig. Tlie i^fonriiij-ior: 
10 obi&ms-d iixnxi tliC testisjg cao th«3i b& fed back mio th« aaalysls, to jnodify ri>s 

imkpmekmMoimmr libnmes for dil tM An&hgs 
15 Oxm tli« pfotsm Isackbose stmcmre (moMdmg tha smstog baekbone) isas 

b<5ej> sslsetsd aad nipm. s«d the arsaisg ideatity sad vanabls Tesidue posjtioss 
ish.omn< & $tmp of pMnti&t mxmx&s for each oi the vsnabie rssjdue ptositioas is 
estafebshed. 

V- t-v ksm%5i m ihs art, eaoh amiro acjd !>jide <^h<im k's a sct oi po^^ilk 

^i>< 356 ^ ^ ( « (. In !. 1 <. > vn»uiT\i 'A 

('! i>)!c \s <.tsviibf\5 i bovii th< ^ t5 i- oo g^^i\w^^ uHii bjUkN 

25 i K 1 < .1^ o^,}vnd<aftt and backbo mdiei>8adeni i itvuT typa iibiosy Cvtn he uscd at 
any Bosmon. 

Id ^vld'UojJv a pi^tot'd e'*rbodim«'i i doei> a l>pe of "Bx c toinng" of she 
r<M&mo hb aw hi ©Kpa idi tgthe pos>ijbk x ajigfo^Jtses* yt Ae x>tameis bvpiw aad 
tanuss ore 5«"in<.*a5d Jc^iatjon {±1 SD) (or more) abo«t tlw mean vaiu^., m ouki ti 
3& mi ^r-ai'^c pos«bJe mofs tba* "rsgl t tmsfu iroin tba d5&cictc«vfe$ of lh«^ i b ai^ Ihu i? 
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s for ifexMy intU Got^ mSm 
5 ntjgs.; it i'i inuHi^tajit; for tl^e other reskluca. Bms a prefemi 

■> V i and >;i amhs for aU mnm acids except Mfci, .Arg sad 
5 Lys. Fot die isreniled ^.nnno ;k;^: analogs, fee yl arid x2 aslgks Sixj e>!p&(Kk>d as 
such in com^pondiogTotimeis. 

D^jibmck & KI^pl^^s h^m>m-4s^M rotamer lil>rar>^ Ala has 1 mtes, Oiy 
has i rotaujer, Arg liias 55 sotamers, -me lias 9 mUm&m, Lys kss 57 CHu 
10 has 69 totsm«r% Asn has 54 mtamers. Asp has 27 mteim, Ttp has 54 rotamsa^, 



in ge«a-al pfolme is not gm% ased a target posMm, smce il v*iU 
15 rarely be chosen fot w posMoJi, alfeough it cm be meladed if desmsd. Simikdy, & 
preferred croK-iiiTucuS urr.lta cj'Stsme as s eoiisideratjos, 
disxsifids problsKi.^, :Ua!o>.u:h ix Ciis bf included if d«sired 



As wiK bs app'C.„i.r:tii 



In prefcjxed ernboditnijjil r(M;wnexs &<m all of the amino acids (or all of 
therti exoc;:<t cysfeuK-. gj>cine a«d pvoiisK) a«! used for each variabk wsidoe 

tvory p.>^i;ib!^5 iofiici^.-r e.iCii iin^isio acid, Tbis; i^j <;i;peciaUy prc[^;rred wbss tiw 
,»i!mbe:c of variabk- posdjons is not high as tlijs typo of analysis caij be 



l"hsrre is a special coiisideraliotJ for rotajners of i:;';?.bio acid snsUogs, ^-^jt all 
J Xl a«d x2 



ss-iKsi^ Ssj>.et1(s is b aitjh^a t jsj o av, or ii'logs, 

\ 5 «r:jiO\im<i i> <t a" j ]<- > hn \«Jo i i<J V th<, 

■> Ui t^s UOsi, St (]<? S>.t 'i^ih <.i,ii m to 

■««Iog-> are xm^d in rmxh. fhose of the sutoi ^ubitmrc cHrtHj-^ ihi s «k 

iO ifi i\h, c\\\t&\ sfTK-taiv are a}"?© mdtiiJeU m ise j "Otaijju Ubj w i. s Kv 1 u ^ * 
mtx ral siib^stit io * rd t1 c <«i^loc<^ v 'svere a5*6.5giied ox h to lbs. Ih ii\ \ «n>«ms »t 
th*; aaslogSf to be* con» a«j th tl e %vay charges fe the natusai ssmiio 
reprsseated m ORB! i . 

fe ccna:ti caik dimenis, «a.ch -vanabk pos»itba ss dadSJfiwd sstb^j a core, 
sisrtac« Of boimdaty residae posiliott, aithoagfe m soms cases, as expfemed Msw^ 
.V v^HstMe po-^UJO^i miW K' s**^ «x> %hfcm<i to Jtjjoimjfe backbone <itr< m 

1 v'' .k!->s<K< O t K ^ , >i s ! V, i^^it^ .ti"' SI. JilUol^ IS bo 
t 1 XliJfK M fik '< 1 V. i ■> 15 ! X > ' ^ n ! ' J Ks i 

fn> vii ^ movb 4uu xUcsr t ^ b it p^ok< u J u i^'l t^x^sr ^ ?u^; < i> >. --sM^i* v 
?^ the ^rtvLvKK tuo (\ \c"E>rs, !c''i«u to a jsoHt^a < Jo s r.i;,^ 
cotnpak\! usTg onlj uje lemnla^e C o atoms In a pfsforred mlwdimeaj, thv. so \ .^n 
accessible surface fer oiiJy the stoms of the target fold xs gmemted using the 
CVsnolly algoiithm w'^lh a psubs w-dsas, na^j g f am about 4 jx> 'tfaotit 12 , mih 
torn 6 to ahoai 10 b^-iug j ri-fetred. ji^ 8 ham^ p&maxUxly prv,&ax;d. 
3'> Tn>. }<*dius tatiges fa)5« about 1 to about 2 3 , W5ih ftoni abtmt i t{ io 
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about i I hdxig px^fesu^, and I 9< bsmg «$pocw1h pjofertyd A ie«4i^c jj* 

: - ^ . V > N » - ! ! \ > ' ..J >cut^i' 

x>>n . -Jo 'In i\ ^ Kui>'! .\^<3j nK 

bxstXvX? tic ^>ios.C!K. ^'n-c^'iie, AtH^ .1 Id \.'MMn>i.im\ ^im.k? i<-> iho ^ u&^-d ii psoi 
CO ^ t.k !:.sgn <.4l£;«.3t am v&n bt' iwtrd %1 caicalatuij those tcv.diies 

Oftce each vadabfe positiofl Is elasssfiied dthsT c<?ie, suffscs ox bouadssj.', 
s set of amitso dsrfd siide oba ns. OBil tlm a set of loUtmerss., is assjiguod to 
posjtioa. Th&t k< the set of ptjssibb amiiio mad ssde cimais that the pmgmm 
aUow. to fee &o wdottd si my paj^jcukr pm tio \ js cbosesa. S«bsvque«tl>, oa^e &e 
pos&ibk feaiaot &cid Si4e clisms are chmm. &e iSet of iotsjacsrs {feai will be evabated 
at a pmi culas i-sositiOJS caa be detenu' i^d HiujSv & ^vIS icstdue gm^fvaiiy be 
sslfccted fix>m the gixsup ol' bydropfeobk j:©ssdt}«!$ 0<>«si$tmg of ateiise, vdme, 
isdleaetae, teias, pltenvlaJaBme, tyfoske* ttj-ptopliaa, ami methioume (m some 
oirboiluncnts, wto the o. seslmg fasrioi of tK ms der Wmh sscotisg fu«<liott, 
dcsi^ b<AoY.\ u k Bit,tiu*-»aaie N cmoveti from the ^et). »uid ibe i.-s *t i< n *C! 
sr.H \ 'Otr.ilsoo fO{>>^t>i3iiiV mciudv'^ -ot^ -vj* ^o ^'ic^c cijbt \mmr, 5 id i,sJc 
<.\' o (all ihi. u^i iiT UN d ? iipv,l>oii<- Md>. kwk ' n ■> .<! > 0 , J ex d - I a 

x\ v.>^-.- ^ K I ^ „ , .lis vd (Tti^iiuuo, -mo and 

•> St .biv T.-i^ rotanv t.UM v kI* < '\ -b s m< i> d< - K)\itucf^ tc>< t\ "v, 

tor. --s-itx-^ li!u U ji \K ->< r > s "l h , daM>o vntv. 
d5i\ i ! s I' f-^K > - V 'tisrr ^ < b^'Uv^ 

UjnI rttJV ii.O UA'KUV. kli. ,)btiA < k\.!JK, lvK>->iiC '^pK>r\' 

meJ'sioau)*^ T3v rotaawr for c&cb Kjundai> pvstt^UfO thus potet5lusH> axiud^*. 
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are aot isssd, asmo^alithev canbel 



«! V or m U o'' h h n m i ! t hoUi, 

u vi>l i "Ps xmdi iK^ai or o imi «v U ciiotips done oa a jcMcmo ic?>idtR 

the list ot possible &.ms*« acd sdv* klwajj*, ^jkI Jiu IK ioiamer iot these ^tdo 

XH't on h^fe d «l> ^ugts? (tMt & the dshe^JrAl saglfc deljjieJ by I) the casboavi cMs n 
0 *1 ^ p>\t.^dmg -jmmo scid 2> fhc mtrogs'K atom oi tl;ie cxmmt t^, ^dtt, ^) tbv, ^ 
wrUs t. tTt' in k\ c t I the v jf >ot)-<1 < oit oJ iho iAiu->ii %.^Kk\'^ 

{h \ N s !K V*. is N rn ^ 5boM <■ imt,&> ake for u v psxt r sn \ be 
) r ■> ^ ( ! *^ (,T ctts-m. ima \<i K^mntKn^' i^^.i>rs ^ 
>t , i K. f M ! K hi \n<,dM im \h i\ >< hi <. r s ^ h « uhi 
ih(.<.! ui ni li c kc^x vq iUivCs Uiai h•iv^. ^ <. s s j ( m 

on n n I t ^pjc^i \ oo^ t d to be i > << un, use c uore 
J^v b s q x,ti<,a h<\^5t hi^he^ {ic , av-gatntj %.o ioimaion «3icrgv 
nu he i s > -i N<\| mi^ ih pivfe-abh sclated to iUi i s^rnvt <^o?i.iosmd;4iorai 
m^mr. i.e., i^=^=-b. 

r^pvsi'^v, Jiie conti*rmr*iOml lergy i& t.j»1o«!ated t/' rmfo hx>m the 
t^odf^u. aon demi^jwtjoa Otetiss^ awe, atjJ « tag mx empmt&l or ';&nt5 



\ i \ MK \ ^iti^i et ai / * ^ 

i > s in \ 1 > I ? f -■'ft »' } { < * - ^ ) 

mtetmtmiis wAm a Bjaaosnakvii 

hy4-^Qmi tod pote»ti^ sck tuna n m ton k m\v&titm ^mmj fvKht n -t 
ssx-otKlm atiivtue psopeisatv \cv) luat-tstn .sad <t) efeiostJtK «-o*i<> 
timaw Ai»iNniithes-de&onbe'dbclo\ at iea^^t 03iv s^toaag *i Portion 3^ inc Ho o.v 

<^ ol^*4tic-ato or otbv,r t^osfetderrtsoas Ike dwrfbK ssterA^tion u a lit-kx 
dipok outluKd K o the wstal ^tasicx' wfetcl^ uj»ed it^e <,^UvUlstiOti-> t tiiv 
sun ot th«j ejcr^^ *.d escfe si.o^ti g fe«ivtKa e-sed at s pgrtitiili iwstsoa < sn 

2{) (BcjiiEatiOB i) 

& Equ itjo I, th& total s» tl e usm ot ^-e vsae av <si ihe ti dej W<5al)s 

potentss 0 'i V. enprey oi aJoims. &o1vaiioa (F, ), iiss energy oi ^vUrojoa 

t^otsdmj^ (L ^t>A,^) tlK wi<.Tgjr a secondary i>n3cnse aad aje- e?*. gy f«f 

c-j ter H I*, be cos-idi-&.d tb? p^imcuiax n-Sidue pO!>it *>s3i a& is more fulh < atoed 

To i 1 'vi V. 1 ? x'lm < ^ \ ^ii ^0 ' « limtion 4. &s«d 
i ,i t ^ d^i V \. ir 5i !, io (,<f\ dc a a«tl ro 5<- o«r 

.MS ^1 s >t5 ^? a urn J 'I tOK s IK vkt VS d<, or.s^e -"^'^ ^ ' 
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esK'rg>- oalciskdoas, md«di«g a Lesioxini-Jones !2~6 poteatkl ^^'ith rndxi ass<l well 
<.k-p5h p.?ra?neters irom ilso Drcidhig fosce fseid. Mayo et aJ,, /. Fmt Ckmi, im, 
c^xpressly ijKOfy<-r.)t.,. J '/ r' .-^ roiVrence, or fc expoaential 6 potmtisl. Equstion 
2, shown Mow, is UK' pretba-sG i..en33ard'Jo«ss potcn&d; 

(Equation 2) 

10 t\v« Mtotn<; tJnd^i u d ift u ' <? i M>te Udh d«-.v 1 J K 

scaling facto , « Fquatiaii ^ showb &e «t « «i tl^e v&n der Waal* Lea J 0-Jono55 



15 iUqmtmiS) 

K)1e of the a sc-aHsg tactor m to otogs &e ImpojISRCe of packing 




compatible a fold, la & prefsci^ embodimem, a values tmmi ^^n^ 

abo«t 0,70 to shmi UO cas b« ^sed, ^^-Uh a vshies frOBi about 0.8 to aboai 1,05 
U'ifig |-vfe!u;d. and from atot 0.85 lo aK*^.iS IM bejr>g u^spedidly preferred. 
25 Specitjc o. ^vllich at« psefm^i aaj 0.80, 0.8.5, 0.90, 0.^5, IM, «nd i .05. 



Gsnetaily spesJkitig, s-ariatim of «5e vaa Waals scale factor a remits in 
imsj regimes of packisig specif?cit>-: isgime 1 wtee 0.9<-a<-1.05 and packing 

hydro^jhohb solvation, potential begiiiS to compete witb i^ackmg forces; regime 3 



. K soil ! 1 t s I , O 

i. L J p it! 1 iv. -> -"a K pjck »cd iin iv. ii. ( t 

In a prx^itxm! uabudimesst \m dei W-aals v'-ali^g t&am 5& ' sscd m ti^ 
m ai cfns? g\ (^kakttO>t5& foj each ^ambfe re&idue pt^smoft m<.1tta5tig coiv sutLKi. 
sad feomydasY posmoss, 

a I u<, f^smen* ^ ,itomic solvation potmial icoimg tujjcacB 
?! V'^ 5 <j'->j;rt.<,id s > tbove n Art <^olsvm mivi^crt'siiLss of a prot!.m ait> a 
! ) 5 n tor m protou M fn^^n i i k k p oJc n ' ulu^pbobicstj has been 
i { iK fhc ma! > dmtiL io! « pj tw tuk^in^ ILis Jbsrc t<5 an nttop*, 
^. n Hi ^ > h V { tv.^- ,m addition lo fee potojlal tot ^oiNhVxa'-i-^^ 

uii) I tH Ksd 5 M U It bt\ BmnUth, ib&tv om H a 



MKmativeh, a preiv jcv emv>>)fbo c t v,alcubtes the satoxstig iujictjoji o« tht, 
b<,sv of th? 'baned |wrtKm, ie i*<tal possible expo'*©*! 5.i'r\Ke ajca 
a?<^n it- J, ^ d *ha^ the cakidatod surrai^e atti,r mai iclaoti of tht, moitSjoi> js 
stibftavteJ, c&\mg. the rnjrud wisi-e dRS* A iwtRUl-Mb pr«foned mtrti.id doa 
Ixsth ot tfesse s8,5cuiat5om. 



!v mnx' fuUy .tescribed below, both of these msrlito<te can be dftoe in a 

22\:-'0'>~iiS PS*'-..^); asiJ Wodak, et &L, Pax-. NatL Acad, Sd. USA 77(4); 1736- 
1740 ■; i'>So), .^i xvhfch are expressly iscoporcitcd lietfcm by reference. As wtll be 
s a53|>i«cmteK^ h\ these m th« asi, a«s salvatioa potemi&l scorisg toctioa k 

lij a pi-eferrsd cMxxHsx!«ot, iho painvise si^V-aiion i«'ivnU,d ijr,rlcTr,cuK i 
in two cf^aipojK'nls, "5j;>g5o^" <^)itt:i5r,t;i;fompifitc.> &p,d double,*" uoi.ajr.eF^ft,ijncr), 
as 5S -iiorc iuiiy dc^cdbed belov-. Fox ;li-.5 uMno!-r'tcn5;o.lati^ huyjcd .\i-o-3,, iho i-etereace 
10 stste is d&firiod a;. She R)tam<;x in m\<}^tlim ux^iduc po^ltiost ? ^\-!t1-i -.hs bi.■,ckhoi^e 
atonu; ossly -.^f rcskhjes i and i41, sl&oagh is iystasK-e:^ jo^i ; !i;;Vv- he n^ed 
Ttes, m a pxe^ramid ambodiment, iite sahatios pok-.iUicd is iioi cslcoicited fov tbc 
iatsractioa of each backbone atom -v^ilfe a jjajtkdar roianier. alUiough inose tn&y be 

t5 excluding solvit b«t aot muntU in %U m Tbe folded state; i,s defined m the area 




(Lee siiid Kkh&xd%, J, Mai Biol 55:379-400, 1971, bereby i 

) ts ased, with a pmbe Ktdhts mgmg fern O.S to 1.6 witb 1.4 ' Wing 
md Driedijig vsxi der Waals radij, scaled t&m. 0.8 to 1,0. CMjojs ami 

Md all attached hydf agm% ais caassdered po 
tKe Cosnoliy algorite tissBg & dot dsmtty of 10 '-2 (Cojmolly, (198?) (sypr«X 
3S kereby iticorisoratsl by refe:es«e). 
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th<. bavkbt ii<. f a j> urn iU\ f^u iutd b*.^o^ v>taijKj a,v, ^v»s-> feveC m 
p J s t }N ts's o{ n t is v««:ip*r^;,d hi ^ tt4,a!i ot<n«.i OutJ'f^ Utt 

iBqmUon 4) 

^ «^^' r \ Sic ^ M I i t n V ' V iok T5 do\'^ 

d p l5n^ <-n v.hK>\ n n U si <. Thas, ^Iwj the h^dixjphoHi. 

\v It j i KK.iti ) !! « i to i^-i 50 ciilMol'' % 

•> I ojihIkJ ^W>n sU r til i (,jt a 3<."«J 6 

^ vi !^ iiui h>. ( I <■ ^ tio-"5. -Z"^ "t c 1 05 "f>¥i&~S6or 

Vvv. » lOTi Of S ix & K \J f 0 

25 Cfcqiiatioii 7) 



X i i Si} iH- >%3 



(Equsiiosi H) 

s 1 K^. ic*! md vgJics c»f 23 oai/aiol' ^ (tj md -86 cal m<V ^ (h) aie 

fctalsjig &ots>{ JliAt cooocn^tss. for osjl>- ths po tio? of the v^iw-sston for paim s«j 
(fi> assd IfiO eal'iaoV " 1x3) ase^etermmed, 

^??ifAnxv-> A<.?or>.lii)!>lv a a ptyfcireU ^jbodimcnt the -^ohatJwn v. er^^^ - 
cAalat;.;! \ti xu?c m d'*> bo«ndsr\ rx,si4«t«>, hxsi &i>i ms iac« ie-bidues, v^'th both a 
-"5 cjiicibtior fof vore aad bouMasy mnxmti, htmg pt^^totrod, itithoagb an> 
c-ombsmtiori of th« three JSDOssMe, 

>n lixi^^x n Wi^x&m M ' aOV^), DOt^ < S huh ) v<.f3vs ^ 

<5;xr..r *tdon iepjoi » ibo>e> tmcti* ^ 

1 k V "iti eti dtp 1 ^v'^ J\ i ad R js tlie d< *ior to a^^cvptot d ^jiai u Thiv 
t\ »oe > ktitui 's d m t)8 poitfitjdl i i-d n DRLIDiJ^v? v th iii>3fe 
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ctne ats^lv {icpcad,?nt k<3ri^ l^^ . mii Uk (\a or^Jice or ut3f<i\o*abk "nUjo^ow 

{ fjn K "5 sai <.T , A> mi to sp' ac«epJ«u and Latisitot '3 & u^edita op" 
:<ioa«r XQ sir acceptor. 

r - coy'e COS V " (Eqiuitjon 10') 

F coc* b co» (Era\|.<.I) «|>]) [I qiut ^ n 13) 

Xn i'qmtxmst 10- U, 0 jss fee d«i « r-lsydmgen-acc«pto* angle, * xi> th^. 
} ydsi>4.ea-«^ciJcp&*r-l>ase aagk ^the bs&tj b fee a om ati&o'Vd to ilse dcct.ptor, i»s5 
sxsj'ipk tiie- caiEljoTsyl csrbo-j ss th*. fea&e 4 cajt><.m>l oxyge^j sc4«pt&i) ajia *J> sjs. 
the angle betvi-^>n Ose ? i>t fee f toes defined fey i\ e ssix ato 1 s atteJied lx-> the 
C0R\> ^ (th? ^pp^en t. .t o*'^ i-? t sed w ^ ie^s A»j 90'') The Inamgea- 

5V. o k->n> s> r^>' ^ ^ I ' i .OpO! vMSe 

v! nor > I s V ' Ks p t o <l < ..-^ un < n it rhie-fempkte Iwtlrogea 

Urn hydfage«^-bo»d potenlid may also fee coaibjmi or ijsed wjth a weak 
c( a^oTObio mm tha r<lyd^^ s dis*tmce~d«p<;ndenl djelectijc co I'^tasi. of xvfcertf 
R IS the raisratomc vis&tarce Vaxt^d atomic charges pxe-reiaH otsij apj h^i to 
polar .v\c:t>oBai groups A et ti^tUTaa! chasge of ib ijssed i«i Arg and I > 4. and a net 
fe>m)ial cha).$e of -i s «s»ed to* A^p anf^ GlxiX ves Ga^iteigsj. et ^1 , lefyahedron 

hi s preferred smbodh'oenn an ex-plieit penalty b givt'u ior budcd pc^lir 
hydrngsij aioai.'s which sre aot hydroges boxided to asiother atoin. See Hsse-nbeig, &t 



V n I O !M)i } t 1 to -i-t t i ^m<^ ptoktrv-d .nd s ^ !0g 
J h i ? xu n I 4! \ \it\t\ i Uuti u-al.mollxi»i4 

I SLpTf^{vHX< JfJ^)* lu>(rt (.Jr'\>vcso bond ftit^N ^ m i 

,3xe \ox*a4, vind soiamer msama lsv<koj.«. bo) d^ -i.sl<?d i: 0 

In a psefemsd esiibodimsjat the hydm^n bondxiig scomg foamon is used 
t.^t po-,ttotJs 1 vUjd^g co}fc, and footmaa^y povttous In alkrmte 

embylJir '^t'^ h\i*ro>jt« iK^ndmo n o t? Action mav K « s; 1 on n \ ->jie or 

I J i p t n ^ ! a ut 

5 in -^ttut^lsrv. efca idiK ) ^hu ^ \ a } \s I m i 

VI iUi ["i. ^--^ < a? £ ^ I i \ s ^ 4 
S hi t sPK^ h ifKor ( ?t d ';.it,it hi. Kk ^ J 0. 1 

<!u 0J5 1 >v 5 nH<^ i rep «^it s^r-i n i i { ( >a t u I s h 

\&x «->k r dtfc ixs s ir a t, >^ 1 atx^i ot oi- bai,libv>ne ai, a Ji s'^i 
-^Kj? vons e ivino^on d<, v &edl<elvs>s ?^ valvulatvd WhetH not a posmon 
5-, oc vU ^ * at fhi. Sav,} tsoae x dUe tiimul as ^^tll be appieciakd Sik«jt 
m >w. . t t, fc, uH> otJ the bd is of ^nd v asgkn foi a J clix t« s ftosti to 



cofitoatioj & ih de'icuhc<X bj <l> a gle f^m -^0 j.uO and i cmk-^ iron 
{»( 'fO Tii Jtettsate paxftxtcuj v jbodwiwafe, i«5>jdiie po^t*JOj ^ vth^K 

? e mthm ^ Ld-, ol &v os«.k.bo«c -is^l Kit are isor a^ssigiiabk to ejrl:*^^ { <?hoet o) 
jipha-iehx atrucia^ mav sKo be subjected to &cco»daiv ^tcf«tt- p.ope.i^it^ 

ar» calculated asmg Bqiiatsoa 14: 



{ h\ I 

h 1 T 



(fequatioti 



t hi h I 



projK.n st\ V ^eipe^ *o a ilaar njsigc. t ih. tern s j i tk s>lux33 g t juci oq 



tot Jb ijs it 



s|0w« bsfow k Bpsttiaji i Si 



in lh?s» Fquduo i q the thjxgc on atom 1 o=' chajgc cm sxam 2 aot.? r ? 
the iDterscuoB ds&toee, 

vana k its no, t i p > n i! < KOjnc^*** tw^^ t^rcc or kw ixg 

ill aoa^in- t*. or:<,( h\i H v il |"»(,s*Kit 

u<<, f) sOit!<^ hi s OR J I. us-,! iu i k ( s, ui Mi ntH <, 
) it ij I icfi Ht. r -if X ) )f In itMj^ii a.-j',i.s ^0>.piSs<?\ 

t TDs oj u i i i) {O^stbx iMme msih all or paii of ri 

i mi <s tlx s f n k KtK>!>*. i-ivh '•vis r<Hv'-£ici <,\UMtulk su'ik 
po^moii X'^^Ji V ixcx iK •^a kh> o. otUi < « ^ js vat. liit^.^ In ■i t>Xv ^ ? >. 1 
e bsx^Beoi, t v mk tKi o v.acb lOEA-^si-i v ith {h^ •« uii dv,i oHK i ts iv 
Ui* the entee tet>:^kic ail othc -oUsmers, s, dos<j HuxvtvAjj Ah Kstin 
dbi«\e, t IS pu!>!>3ibK' to i,w rmda} & portion of a |ji u>tn tot exsmpk d doatuim of s. 
hcg^st pivt^c I , aad tlii a H>n>*; cases, -jot all protein, lee^^ b<. m-iJmsd 

& a pBSsifesrted: smbodtss^sat the fet mp ot the eonspmaSiosisl psecessmg 
iJoi b> cdxaki rg V«>o ol aitcrattson"? tor eiob rotimer at tf'* ei> posstioij the 
I tv.»Aotion «f roUTHi,! side t-bists b th» txJjT)pl<tc or Mckboiie (fhc "5«mgks" 
e e gy>, tt>o * >. u\t>u*>ia »>f tbe ix>tarsior -jsde cham with all other po&ssibL 
roi<mi.*-i& ^^l v\<,r» vi pdsitiot; U^'c "doi blc*^" c e^g) , x%hctb;.r tliat pot,ib.ojj 3& 
'vaned iloated K should K oudirtstood iiit tiig backbone m thn l&.'h m,l\id^^ 
botk^e atoms ot the frotesm stsrucfetr© backfeose* as wsE as the atoms of a»y tlxsd 
''^ re»uke<5 x^xrcm J c ^iv d iv-»^du>,!> arc dvikt^d a paitiv^la *.oato«i tioa »t aa 
aaaao aeto or amlog Mskb<:t!ie- 

''hi ^, 'SiFj^ks v'^HoiK-' f 1 1t ) sit ^ 3<L 5 < \ I ^ I t n 

Ol s-^tU -^(.ssKlv *OtlTJv.t 14 ^ i,-"^ t bU t.NkHJ« I > !l Ol (fL ! uk ^1 ^ 

N lu E i1 Ot tbt. « (.5 IS' I V loa** i tis (.r i ki^^ ^ U"> 1 ' i 
^0 a» lo fc^u\ ^>utoge da)-' a f^ti ot tbf. i > i i1 -i-us <roL^ i lo ^ 5 
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;U'.>;n of -hi biicklsooc is cvaUuikd. &nd the Ef^ is oalctUatM for eaefa possible 
R'ttijiK'i- ;5i ^:vcry vji-iabl-i- pc?iiioi3. -SaJislsr'y, fot iha \'m dm Wsals scormg &«ction, 
ever/ ak«si of 5h<- t<,,uuoei- if= eosnpar^d to cx^csy sJotj? of fne template (g^jiei'v^lly 

e;:ich pos;.^ibis rotamex a- le^i-Jisc posittosx. In addition, gsmc&ily so 

vsH der K'v'asls energy I* c;,ik !.;iak'd 5; ^ix- <u- :s-;><> ;><rc cosn-scted by shrec bonds i>r less. 
For tte atoiiik: solvation ycoraxg U!5-iCiio,n., the siid'ace oi~ dsc i--kir!30! ;\Ka*«red 

vambk rssidas posstk;:) is caiculatecl, T5xe secoridary stnjctuK prupt?u;}isy j.coriBg 
10 Ixmetioji is also coissidered as a singles exsergy, ;«)d ihns the ttuai :iixigk:5 exsexj^y JOi^y 
coiikdxi axi E^, u^jxjx. As s'. ill be ap]irociaifd by liK>sv in xhc aru nsatrv i>f tlxcss snergy 
imns <,vi]l bs close to 'mra, <3q>sadmg oxi the pkysscai distance bstvv<j<;ii £b« .aiT.anK;r 
avid the tenipkSsj pDsltioa; ih&t is, the Mer apait tlie Wo moieties, tbe lower tlie 
energy, 

\5 Aceotdi»gly. ss5 outlined above, the total sissies sner^ Is the sum of the 

esergS-' of eacfa iseOdsg f«»ets.o» uaed at; a psssticular i^isitioii, as s^wn itJ Equatio« 
U wherdii n m ^iih.t i ot rsm. dependiiig m VsheS??!- that particular scoiing 

20 (Bquation i) 

Osce ealc^ited, each singtes Ei^m e&els p?ssMe rosjtmer is stoted^ suck 
that it may be ssed k st>iKS6(|u«)a* e-alctiktioiis, as outlmed belom 

fox xhi ciioyMoa of "doubles" cnecgj' (rotamer/rotamer), tlie iatmction 
energy o( xt^b |x>i>S3b-L* lotatnet is compaK'4 wisJ? <iv&ty poss-ible totaxaof al all ofer 

■25 varisbk jeddwe posiltjon? Thus, "doabbi>" tsK-sgR-s ure calujbu<d fi-i H 0 .ra^ i icbon 
f!t"?\?'y p>^a**lHk' rtfLufk'^ &t iM-erv wiabk tKhkhm pf^^Suon v.^ ^\c:r ■ut\>o\-\c 
(nOjoc- 'i cv^^ty o?!k5 x.'xjable xi^Sidui^' posinon, x> ^OJ-. a J c'^-'- 'K>^ ^.xjmx 
5.\ i > .ss Ui\>, "X Uk' 'i\dx< y^o boiUlnij ^^oi.xf fnHOt!o\, csH^ b^O) sy-* ^^'^^dir-a 
. CE^ >it ix-- ^ ' ! ' 'm -Jinj: o. ov .x^-^i \> ^c-.x>n>' 

30 "i!.^--.s}rM u;iL\ab;>*<,<., axd ib^ \ valci>x<ikxl Oa eat^vf^po^^.* k Xi-laxxs psu iVj 
wo ^arlabls possiuons- Similsi3>\ fox the \m Ucr Waals scoring fTtiasxuoa, isvsay atom 
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X N ' <.) ?!u > >imc -^oh-atisn sco5 s^g 'tuivHos, the -^urtai-v xh. Lisi ^ot^mu 
n?^5 ^ i Kid < 01 m o s k an ^\ \ 

?ncfgj ot oath i>«,oirag iuavUoxi u&e^j to c%ai«ttc ^.\<-»\ -so-*-. p^i >>» n^U'iitss .3^ 
fchovit) m Bqiis'aol) 16, -sshfefifiu n cite i mo, d&p^adxti^ on thxt 
j,n(bt uhr \m imc&oa vios iKfi-d < t fee n.stanje5 TOsitsou 

(BquatioK 16) 

anisrfliistK^lh lo%v s«?5ber) po%ibV miamess. {'^Indx ma\ bt. ^^nhu *tKm ' -livt 
ajamo vivid its dsitcrefftt ammo acidsj sviuvii ' rc bWlted ?a ib aisd A s>*.t.osu 
\sr5sbk po&myr j tKo ba** three povsible r«i asiiesN libtlkd j4 je. ana |t 
«m« dnubkN emgK 6 ■) ar© cak«U^d in all Et. « ? i& jd), K^j {.la, jss bt ^ (m, 
'f) I ^} Ob id^ I 1 jb jv>, I i (lb, j*") \ j<i> Et , (ic, jci, md b v ! 
If). 

0«<,c i-ik iltU d CvJt doub ^ t tot e< th po &ib'e rotamcr past js -^Ui cd 
^^< Us i t 1 ^ 

1 .k i i li 5 ^1 s ^ < iU J 5^ t e h not 
of MP titOMl }! J. ' a^ Oi^t,«r C*' <.i 1! m. ^i^m il 



of sequesees that are not the global minaiium hat tSmt foj ve low «a«cgtes. 

fo a prsa-jTed e3,T,bod!0\k^5.\ ;-s - rLstisprbos ih<i globaBy op-tiinal scqueTi;:e 
in its optiraal coraaun^ tiori, i-*" ;b<- ^.^i" ,;;;uu! rotois^ at each varicibk: poriiiioju Thai 
S is, canspuiariosiiil proi.e'sKiTig i- u:r;^l iIk; s{SJ^«ls^loa pmgvani converges on a 
e. wkicb is tl>e global opfimunj. 




d of the global tVptitiitim. 
they sisy bs r^jik ordt-ivd in (am of ifeoieiicai <iu3i5tiuuivc stability, as is mors 



5'si a picfbncd srobodimonr, the computatiottsl processing step fsrst comprises 
20 sii > i< > s ) vt V k Ka V I- '^p^■^^n,» ii ait if* tuKera'^^gk- 
slissrixmtioR or a dosbiss «Umii5isSion. Shscku: oiijnin&no?? coinnrhes the eliminatkvp. 
of ail rotosrs wiih tempkte mtoctkm eiiergieu of g^s-ater Shan about kuil '?nol 

kcaVmol beiij^ pjEsferred msd greater than about 25 ksaVmoI bei 
2S piefesrsd. Sumiasiy, dotsfeles oHMtfos k wte a mtoer h 
enorgses gt«at«f thm abaut 10 kcal/mol with all rotoers at a s< 




. « K"gso<^ to adcertiim the* ^^^ohal w!-»i««uj« v«id tan^ order Lv otk^r ^(OsiNsVv 
(BqMtiOJX 17) 

Fh«^ evcrs' i'sossjble comb»)aHs»a of rolamei^* may be dit«i?ctlv <?vaHwt«5d 
addmg tht. backoonc-bdclboss? (somctimos rcfVnsd to herein a?; templsJt-k-riplste) 
cncr^ {ii-^) whtch js* cosssiam ov<n all *.cq»cnc«?s teem -sisce tbe bA<.khoits« ife Up. 
cotisstotX the »t«gles euetgy for each rotamei (wlacb has a1res<l> been cateiilstvi 
^tsd scored), a«d the doabies. t-neigy for esdi rotSiUn p&is (wkch ha^ already bocB 
:0 falciild^id mi stored) Lach total s>eqa6JK« t?oergy of pusstblv? ro^mst 
feSKjisesjce am therj l>s rsuked, either feom b««5»l to -worst oi worst best l^^s 
tfbvio.5s.l> coiBptJtahosially &xpeas?^c asd becomes lisv^jel^ as iJie LagtJi of rhc 

h rt*LtcsTv;d eml^oditnens, comptstatiOiial pro^c^^^m? \txitkk'^ ore or 
i H,u. 1\ d I nf Uimu-!. sop, (iUl t evmpulahonal "1^^ ''f^ >.M\int->the 
0 !^ S ^ In As' d>Nv jSiC nca vii fro'^H aj tiu! vk. "5< < » > u k piO^M« s, do 

»--5->!>e ^ t !0 > v.( " ! U km us^sdcw* il tut oLj 

pi-JK)5 ) - UtK! J I J ah; JO* i-.'-Hit' t > pvxo" 

iV l> K ,1 i^lUi^l ' 0« iLs, i/v O t V Uv^ J h'Ssd 1 !\ <. "It 

2s V t >U 1 s■^u^^^nh k ks i>t v ■> u < sum v tk 

u< 5! ^<fs m\ «vr«M U t J io''x<i<,i is si ! b I. i V. s 

Ki OS*. x^^S th<. ^ 1^0 1 Kt m X c'liUOt Xss \ 50 

(■-{M 'd ui^- o n,af on o* t^-^ ,er<ji>.{Kr Hto w r jral !)} L di-^o^txH is sU' x ^ 
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M<= ■! ) nm (j) osei ^Fua. fi)\] > F(,A * fnax (0 over 
(Equatum IS) 

l.Uii 0 s ^ Um^oojop-^ cd V oumer b fhe Ictt &idc <(f 

oi DF" ^, i s Rioi.^ leth<.o»,s osly reqmi^'S sswms owr the seqaence 

In a prcfeu-ssi & ^ boiUmcst a variafcoa ot DEE i& pe fuunsJvi ^.k^d*,'^ n ' ^, 
ou Ooidiftem, (1994'^ (mtiraX hereby exp3vs% mco^pomted b% totsirt,ftce, a 
vamtion oxfije BEE comjmt&tjoa, as sisom ib Bquatioa 19: 

M X ^i^^<''^' " ^^^^^ ^^^^^^^ 

(Equation !§) 

iss essence, ths OoMsteais Eqmtios 19 says that a Iks!; rotamer a & 
particular |x^giti«a i (rotsa s> i&) vnW contnbats to a ioea) eiiergj mi 1 1 uei tt the 

at \h i positioji to ih ke<-pi»g ilic »>tJwi rtsjdye^ eqaal U'lfex-i usevpaluj it tstit, sJ* \ 
•'^ t une TX i^ndinii 3 d can b*? niMt«?di 

h - 1^ p ifT*-^ <){ u DM v-t' put i i 

JO •> < sm->k ^ I hk p-i uuw o x s( k 01 it 

! f ' JO J^Hnllt h x ^Jiil U «. ! ^ 1 p !U I ? 

)i !i\ ? on 1 ] Kii *i t H r N 

V. i !i «. 5 1 > M i 1 lU^ iii inn a ^ c \ <~ im m 

v.{jl 5 i ^ J<k > S > X k < t! * ^ k P i i IX 

?i ! h < i K o . tu i ^ 5^ \v u ? 
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c1 1 m Akd that !S V h<:n * k i al t-^ ^f^n^K.^ iri*<, mx nt] . ak <. f ib< s cnul J 
coamvabsy toxmd on the S:bbs1 optiimmi. 

^ ^ ?t ? 1 5 n<, JO ! n > 1 s 

iO!U in , it iu U \ ! n I <! 1 K a £n ) 

^ ' ' MM ! 1 ) i ! i > i u , <l?10s^!H tU 

lii dddmoR, m a pjeierrcd mbodimetit, mmc^ pmT>> arcs mtallv 
may be mxm m msml mys. as lis oaiajM Iselow. 

i}a\vklidth >tK S sSjUi l^K b U s ! t l O ! N535 3 

otamiji p&d u eJ i« last muud doubles mi^xt tends to mue p irs 
issrer, 

i J * \ tfs n ilK. -t-^w couespradrng to ffcf [i u j-vi rsir ITie 

! u h ; j s,a«» ^dvJjtJvj* (n tt^v uii n^bcr of tx^tanes p<.'-{>o<5sto3) 



wo tmY?i2i^ 



thss xotan^&t pm is aiiote cakatetios, so the cslculatloa time is s^sall m 
coniparbon to fail fet-ojte doubks cakuUdos, fe practico, tliis cskuhtioo 
prodiices u us^is aurobor of dead-ending paiiSj o&m e^soughto pnxteed to Ihs? sext 
iUT i5 ^ A MS <K > V -Eitjwhor tHoiJt ans ftmbc; s^mAn f-if the i\>iJ>j5e;! miJtrk 

unriscessaty. T"h}s stems torn ihs iaot tkn ,§psilo!i.,.a^, xl- n-ajst be less Jhart 
OF eq«al to any .epsiloR-rsssx i[k h 1) i^^^-t would sxsccsssfaUy diminats a pair by the 
fsquatiosiiiJer 19, 

10 Saice tlse aMJslms ssd maxkia of a»y gwa pair hm hm^ ^?recalcated sis 

oatHfied teesa, a s<®0Jsd spsied-esljsncemsiii; precalciiMofit may be doss. By 
eotiipamig exiies^ias pasts that wlB not dead ssd oan be identitM sad sfcippsd, 
j«ducmg tljg Unse of the OEE cskalatios, Tlius, pasis that saUsfy eMisr one of the 

(fir Jd)< jv]) (Equation 20) 

msj>< (Ouivl) (Bquatbii 21) 

demems ^-nsN^l Uv^ VuA -r^c.^uhis iqi5<.U3on KK as^d bait' of ilun-i runumisg 
wUI AU-i.fy U;e nihi.-; .iiu\ i-ou.visofi 21 fht*;? Ihrce quarScrs ofsbe mmrSx need 

20 JiOt bs aubjscted to the evaluation of Equaliort 18 ox 19, scmUing in a msorsticsil 
speed enliancement of a toorof fow. 

The last DEE speed esilmsscsraeiit tsStJSS sesKh of the ismainfeg qwaitsr 
of the matrix, lists is doKs by constnjcting a metric ixom &e pys-compsted externa 
t.^ J.nov;t jV.osiC nuiuA K^\cti\c$ihi llfeiy to a^stsSt m a dead-iaidkg p&k 

;\ cnetrt,; was found tlmjisgh analysts of mjatrices from differest sample 
.>pn!i-i,-'..a«x?s, *>oaivhea iV»r oAm^^i^ia{io^5:> s^f iKs ^\t<>=TS& thai prssHeted th& 
bk.eiihr>oa thai a mninx clcnicnv wr^usd prooUjce a oejid-endiog |>;5ir. Merval sixes ibt 
.\Kh;>a).> ^Nt.\< v.-^ro ..<.''^ u >; Jsr^^j. svo-^o u--.;:.^TtK! Dnm's/c ;V o\.,-tUK> ot 
thtf ii js atsd s„ jv iinc-ryab \v«re ako compiited, as well as lh« ditlexencs h&s\&m the 

30 mijimsa and the dsfe^nce betv^-^en the maxims, Coxnbisatiot«; of tlsess qitantitjes, as 
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vu' I o5rma, %^S5(. tes,k'd for tli(?xr ahihrv to pttdjct the ammsmp of 

de-id I IS i\ ^cv I sbome < x Jh<- ^is'^xmiv' 1 1,^ \ i x^ { uoc t v qijaaiife were 

<iKo si m K ' n ' 

■5 -> > iiu* s. i I i i. N V esc >h<: I <Ktxiiml « isjn*t1 lap vsiih s;i;$|-sect 

(Bqim.Km 22) 

- <Sm^s (ih K') - £ ^^m (! t / (l^r jj^ - «^s^'x (tkkDI 

ixi mte i'<3fi ovc?'^a/? / mte val {{t^^ }) 

26 asKii 27: 

(Eqwatjoa 24) 
(EquatioB 25) 

U * ^ < n > . 1) + 1, ^^«^*i^>f Ki» H 
(hquauon 2/) 

i^^J»e mctjK'^ ^sese s§iecte<J becurt Ihev >idd rdtio^i of tlic tsccurteivx: of 
ucs'd-tmHn-^ ^km^Q& to the toul ocouiancs of elements Oi^t ar* bigbc-s- 
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i t h) h UN \ i in li >axki <, fMl o< ilUflh I ^ 

i ! \ } "Si 1 I { -! I !, i!^ 

O^^nt^'-aUj av. & traro lull dc&.n >'"d ^lo%v >>niUe and 4o«bk DIE u^s^ 

either <. t boti) sgyj^sl DIX atid <30 d Wro DH mi^ii «o I irth<.r cinui* ■>» 

0 ! s 1 mi I OB J iN } {t15 iv\£,nK.d ir Dv-^ml 
i ) i n V i] I \h t oUn P olI m li^ 

i Mi. t ? ^ i ! t J4 U s 1 Ml n ^ 

1 J ! i li ■wliK ) l-s il (, 

1 h S i 1! i ! iJ 1 



The seisctson of %vhicfe posiUom wmbme mto s«|5er residues m$t^ be doise 
« 5 wtuetv oi via-vs H wjvtisia^ random seittiiots Oi po\monH iov super sdies 
t\.saVm jJtKfnviijotvhirmatton b«t it csb be do'ne' altliough jJvs^ J«i not prt,&txtd hx 

\) m j>. I }N \it u» Iwii mto bupfcr fwdw -is tbc v-o-nrt? tion t o« Uo 



WJiL h$$ tbm dhmt :>i)M<> bc«5g pj^fenod m\d hA'i tlun at>o\it lo.oOO bsjmg 
5 rotas 'K >< ^ i nn^vi :s i-^ 



\Eqmtim2h} 

tqmtkm 2$ u lm>Mng for pm ofpo^itmih ihzi ha.- the %tet fiactws 
or percentage of flagged pdi?^ but the fewe^jt Romb«i of suf»»i rotamers Th^t is the 
p&xi th&x jivu the high^t tbc Fqtiatioa ZB js prefferablv olj^sca Thusi, if the 
pair of posatsoas ib&t has ihe M^est stumhcf of Bagged pans hut a -vetj laj^^e 
nmnhcr ot $up«f srotamess tthat \% tJje sombu of mtamets af pwMrta i tims>% die 
M nl?ct uf Kiit5iPei>5 jwitioft j> tli pair msy >tot h& chov^n (<afeoaj,h li coald) 

*f f ^ ? Vukted, at)d the ith tfec hjghejsi 

SGp(.t revidiit* srv iK'sde ojse at tsme ps«ft,r8M> Afk- a ^up«i i?e&id«e is 
viovca ih, \TXi^k.% -md doublev wmptitafeom ^rs Tep«.Ate«J vtbeie iht <s«per 
i^sidufe 5& treated a** it it -^eix' a Rgola-tvfeidus for smgki. aiid dotibkn BtU, ths 
^Inmm im oi mtsxmn the s,«per rtfeidue DM wUl all^i th« miiijit-imjj cjfssrgv 
taLv at^onjN ot DtF nosx t4>(,atmg sms^Tc-s arid or dotibi^v DEE cart rcsidt ia 
ivtnwt dmximintx oi mtame^s. 

It) MmjtJ^ij ihe C5k«1m a ;iid >' x HIh ik^ m buH c j tyjev 



m 5 n II I UKC Ate atjy step Oi all of the p^•e^iou^ '.tt-ps, K 
re.tw«, E« any oraer, 

I n .o o UX3 V 'kit, I> f o Ok uMnpii ^ \ puv n ! ^ u) 

Ilsat to, the set oi optoix-ed pjotcw &eiju«?«c<.v v.oiik5>sis a f^i^ -abs. r tn^ 
opismismi 

In A j5rvferr«a wiiibodiiutats t le xano^js DLL s-u^^s ajc mn uaUl a maaa^abie 

iS^<5xie«ccs rqsrissent a oi optiauK^^i pmtx.m sequuit-ess v-ais be evaluat<j4 

aiiu.>s. 0 nibvT ijf s^quoii.*.!* depend^? o«, the fei^gtb i>f tKc scqixente but 
ft vj \h I i \t^-^ ''Otn iH^uJ 1 to '^'Ot I t^«-.^sbb romm^a '^««jiKnce'<; 

(iu s t \ i. * n 1 ! sKus! \ h n >.<. \ ^^ \\ 
V »l of sv^u ace eHi.rj,« a-, o^a t <.nt j loav on wni<ijit tk j> ib ^ 

s »o a pTcteinid cJKbodii iost, ftis cotsipuutioa pioxx&s*^^ aecd not t-ompm*' a 

l>rr vompamtoal ntisp In this (.inbc^lin sut a Monte ( lalo ^idi s<? wndertaku, 
i& ii, Kiiov^ii iS See Metopohs- etal , I, C1im Ihv*, 21 Iftji'^O^S^) fc&a.b% 

iUvOT»otate4 b> fttW'Ts.e in thts ^ salfodjm^al, a rardojn gtqu8Rv,v. von^pai^ing 
J HK^Ki ^ louana;* ife (.hoscn as a ^^aIt pomt la oac smb(xhmii.nt the \ar febk tesidse 

0 I OMti ( !s m, J?Nsdiod <-oje booad^' v or Hsrtai t i-^stdues the f t of a\ aslabie 



a random rot ISO fo cadi a Ti» o ac d js oho5^ j lte-5jems,a^,tHv. ^^Ut'i:u'l§«A\lUi^«c^ 
,f I ili- sxninn i Oi . to? -jftothi.- > p I the Hoil^mm- Iv-t TtiU a <-^thsi 

freque p *ifo3:30<l to gescato aJdUtO ul ^.oiUO'. !0 tiw encty^ t >il ' >d >f 
tfes global sol«fi03J, %vlisch nn.' t ktd v 00 s^qie Cv- t ciho 

opnmvt&K pmi^ i ^qnmc^ ibs jien^&iji of tiUdniowl optxj-r.vi ^tquv.n^t'Si. k 
gesknalK psrelined i.o ii? N,\^tt8te the dxfBfXis&ts, bstwee } ' c tS e-^ ^ncal 

hs<^\ eao*?*. IS St ix^<54 &U)ixi "5% 1 0 J oUigou tv each ether, \'itb at kast aK^ut 
homstlogotis bsmg preferred, at kast about 85% homologous b«m|, paJSifiiJlarly 
preferred aid it least shout 90% Kstig ^^pccialh prefcTv,d h suns ca^^ss. 
homotogy as high a«! 95% to is. des ishle Homolo^ m tbi& wutott t«cso<s 
..equsucv stmilsntv 05 tdcmjty, wt& jUei K sg pjetOTcd idsntic-al m thss context 
aiearis dvi Usai %mm aculs at corrsspoBdiBg po" t«>m jti t«o seqiiesi(.es v^hieZi 
ar« bemg compared Homolojj^- m ."ijs. coixkM ncMd^<i sm m a^idi x^lad SiC 
td^atol and tfeos^e ^'vhich arc 'stjssilar (l«i^,tJOSvaiy eq« valcrt) fhis homology v^jU 
Iv Oete-n-^med ««^ng fetstndad iech3iiq«<?s kxiown j asi> as the Be^t Fst 
^e^qi ?sice pro^m de»cnh«jd hy Dewrem «t a1 , KucI Ai,id Res., 12 ^87-^95 
a9bA ot the BLAbrX p ognin (Alfe^^hisl, al, J Mol Biol, 21^403^10 
U)) pnjforsbh u&mg the dtfaist witi igv*. fo either fhe shgjanait .stav ai-ihulc 
the i! >Kiaftctio^ 0* gaps k the *5<>qa<8 oes, hi. ahgaed i» addihojj, iai suiueactss 
whwl ooaUio csthci nsom or fewer am no ac ds tlsaa &o optstasm &o*|Utai.tf, it « 
I ntotood that dsv? perctcatase of k moJog>' \vtll In. deies i a.ied based on the nambu 
Mt homok ^oi i» ajaoto . ctdsf m relation to the tota^ Btn b^J^ of i ma o acid-* 1 ha-., for 
v,\v jij u hu?r»ologj? of *5«jquea<,tii> shorkn Jhrn dn ofhmsm s\%U he dcto viiwd i ^utg 
ilx' Jk^oiivr of a j i audst t tJjtf Niiyjis-. ^\j«encc 
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p'-oceeds ta a siep which emails s<?a3«hmg jm^teis *jcq«TOccs, Ite procsssjti" 
may be iKspleiBmtel with a se^ of compuisr cods? tluii execute's a isC&ich simcgy Fof 
example, the set i-ch may include a Mosts Carlo jsesfclj as d<^ailiod alK>vc< Sttsrtmg 
? wiU) 5{\ ^>l>t xt so ! .K>M, )<^i^v]^i» jH sitiosiii ate changed t^> other totametj* aIlo>^'«d ai 
Hk' I- r pes J ^v.'^ rotamer? fix>m the same amino acid and totan5<?r« ftx>« 
^Uk on* . nuo ;K ' siAj^A^we cnetgj' (Ktojs; seqsuics^) to CvUoulviViJd, ai'd if 
tr*: .w, ^|o..Kc u\ 1 ilv Ri-ilt 'xiTiaan s^ntens t>>r ac<,c-nv<;rvi,\ it u,»esl a& 

m iSv-orpf !.u.\i rf..siv..\ U I ^ l^v ^^'^i HiK jrt'the £\in..oi^ jurp ss 
^^Dpxd n-^i^i ih.^ ,>t ^jOUn s V Vrf ^hf st,| ,.SKX.> vS >ltb<,n n>.£$--os.sf 

{?MiU*,oiKfi ds ir><> t\\ ^ \ \ K\ I p C-OskiO'. Hs'C -UVI Ol 5>if' jp^j, Uk b>>' 

XOi'ii;;' .tOlK --s >\?^ V ^Kitp V J \- > le h ! i ! i ^<;5U;b.>Cl ^O"" 

1* \.m^s b'iii^i r * xu > ^ s. Si. .\ < ill ,.^5a <x-^><v io;it.;s vK>r Ss. ^jesiccsj 
^ s.\cJ o i;h . i .M,* < v> 'i M >« ,.\|uotv<. -> bciiig p&forsec and at lea^t abou. 
iC Hi'* :^ I !< k' > V iKi ^ Ujj y csp<.vial1y psrcfm«d. Dming the search, the 
teripe-atiiSv; 5,s pf«{eivsi3iy irCi tv> ><~>C'0 K. 

Once the Mcsate Catto search is om', all of th» saved ^eqjsmees are 
q«ej><5hed by chaugjtig the tets^eratisfe 0 K, aad tsxkig tJis? ^mmo acid idf^n^ty at 
each position, PreferabR <,\t<t> possiMe wtsmef jismp for to paftiiJttIm mxno acid 
at every posstkiii 55; sh«r> toed. 

Tht.' (.oiu.n t <. i(. ' '>rv(C<;s«t{ig pesidte a set of opt?mi?ed protek s«jqB»?ncei» 
slist are bessJ a«t<»d to b^jisl tht.- (r\k''\d^d sj«mo aol^l m& . bv sv optirai^tjd pBJtsiu 
2« seq«eftce)s may hs sigt^Micstitriy <nt>cmjt frotn iie wild tv^v .c.. tarn wUsh 
Ju- '>a ;k^v ne %s<^ feiketi I hat is,, each sjpliiTji^ed piotdn stques may ct tnpnscs ai 
lcx5si o\v^ iOsbbJs'^ <.:wi5e, 01 at lesi?t l~2%. l-y)<„ 5-10 or m«sc xami i ara'no 
acidii trons llfo r>i-t)f) , o ilU^ iv> sequence. 

'.ii a prcLi.^d emb»x1tn-<ttt, ont\ &os«v «,(5 all of the cpntni^d Wks 
sequ.xi 0^ lie cer-T«cx'd into d^&igneJ iKiotoiite. Th<jtealt<5t, A. KR's 5,0 ^ 
e*tnl«c tcstco foi Ihc-u .ibJm. ssp^joiticity aBJ<os: ellloionoy 10 m^otporaie anm o «^ -d 



on& OS «vo ways. 



nade ^hetj 5v»*lv <>i > Ats^a 

3a ^ pjvtv tsd (in^l>odimeat» pm mlmh for longsJt AA3?S pwtems* or prt)tem«» 
tor \^h^ch hrgv ssnficfts m. d«i.jte4. tic optimVed ^eqwice t'sed to ervxite ^ 
msiskK acsd bxicb BXA. wkcfh eucoaes. the Cfptmit7s?d '.eq-u^jnos' mi ^1^ i-as 
r ».» be ^kviisd into ^ h<^t Lai a^id «?\pt«*4>S'<l Thm, mxckac icxd& axid pa ttt^ularK 
DNA, caft Jx' jjuiiS' whtcfe ct codes esdi < putuu«d A'^RS ^^equsaice Th ss done 
itstj o kaoxvji p o<.«4u»?s The cfeo t,e of codyj ^ttabie expt©»*^ oii ve«t«*s a«d 
ftUitdbk *-o«vt cc'K ts^U ^an depe dK^» & n« ibei <,«t AactotN a«i' oAr be c.t<5'5^ 
qptamzeo. as B«e<5«d. 

> ?! U»< ^ !( 1 i s ' ih ^ V k 

|f Mv an I ^ s I 1 i ^ ^ n\ s ^ ^ ^ i 1 ' > ^ ^ 
i ^ J < ! ^ 5 ^ 5 '^^ 

.1- tiki v.,ivAx>3a'\ \ Old n>. ( ilv u 1 h 
tHcix,4fcC 'p. nii\ li ^ivhA^UNOl > n ibk » i^ ? i f 

OCtlt! TtCkOsU ^H^''it\ I JtC I > ill Oi -J*.? i 

nt ^ >b t t 5U 5 r ^» ! V 4' ^ It ■£ aUj ^ U i ^ vH. 3 ^^ ) 
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metal ions; stability to sjolv^-sts ssucli ss organio !sOlv8,«% ijyrfactjnls, totmuladojj 
cifemicak; etc, 

f^ofcixyd embodhsmt, tin- - - \ ^'ojos t-^ It.-si jD>\;£ 

5 sad at least about 20-50% bemg esp<JCiaUy preferred. 

The mmlis of th« k*$ting opsssitioas tmy hts coHsputsfSomliy ass«s^d. Tisst 
i&, compMtdr co»!« may be prepared us andys-e llie test data -witli resp«ot to aj5y 
Ksaaibsr of metdc<?Sv 

At iMs proosssmg j^iac^a^■iei if tise AAkS prot«ia k selected SieBiiis pmtem 
m is ut jisKed, If a profeia is not selected, the accumoJaisd iisfonsjation laay fee tJ&ed to 
alter the rsi-iLkmg schet?is dsscysse<! »l>o%'e, aiidW repeat sessrchteg for mors; 

Ijj a pn^i^rred eia^wluseiJt^ TiK; «>£p«rim<;s3iiai resalt*; are «s<;d for design 
feedback atid d«siga optmsfestioa. 

IS Ones Btade, the AABS psotsiiis of Ifee im'estiBJi fed nmm a -mde vansty o£ 

appMcatiOJis {se& exemplsfv uses beiow)^ as vvi^lbs appx^dstsd hy tboss ia tl^e art< 
Similarly, tlie meftisds of (he pressat isveatioa aMow tiie gmemtioa of i^seM 
pfesffiiaeeutical proteins, sacij as analogs of foKsvw |5yoteimeeo\is dm^ wMch are 
aiore tfeemiostaljle, lesis psoteolytically sensitive, or contain other des;iTabie changes. 

20 In stUl other embosJs'taent^, an AARS i;<?«i.;i;rii;« >y-yxy be tx-rnpajxid k> one or 

rmta {prefembly m a pliuality of ) AAilS sequences to sdeatify homologous 
i~cquc«ci.;i^ Foj example, in 05ie preferrcxi eiubodisnent, h pajticijL-ir AAKS pioteia 
seqisetws sjiay be aisgned wirh a pl«r&}% of other AARS sequences fe,g„ fmm a 
dst&basa of osUimiiy occ^irrisg prortr^n or ovhsf sssgiiesiocjs, such, as ih& QmBmiX 

25 SWXSFROT or EMBl, database) to ideBtify homologous sequmces. S&qmmes that 

n \v J V t *iU -^1 <. s>. j ! i^ !! s < 1 >H i Hi > *t I Hi, ! S \ 

level of stquencs sireiiar-ty )<; tbxoyltold level o;; perccsiiSige of i-cqxiSiK-e h-OT-iology 
(or se!:|siesc« identny) that ssay bo selected by a tsser. For exajSipk, preferred levels 
of seqosnce honKJlogy (or iiisnlitys arc at ieuot 55'-'---., iU lesst as least 65%, at 
JO k^;5.4.i 70%, at kast ■75%,, at least m%, m leas? 85%, ai least 9(fi% at lea;-? 95% or st 
kast 99%. A variety of methods aad algorithfss saxj kaowa in the art for alsgnmg 
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.jvvaiKUv^N fji-.U-.j- do^.-rn dtiijig ihek lovels of sequence© simllaj-ity. Any of ihsse 
tnedvxK and ;-;^i,o; iib-.n;- nas- be tmd m conaeistsoii with iMs iiWuHoa. Bxemplasy 
sij^oiv j:rn- iu.-l\s\ -\ - -^ Vimkcd to, the BLAST fmmly of algoriaiBis, FA.S'r.A. 

5 0-5io« >j;<^;^i-.>iv.goos Fc^uka^ocs hav^ hccw identified and'ot ciUgnetl fho 

parent AARS seqyeiieev Jlu^ sstc entroysy of ou«; ar nioxc particu'.ai seMJis^/t ir^ u^^ 
psreat AARS sequences imy be Uaem-ihu^d or esJtim&ted from in^- ra;jube-j ^^r' 
homologous or aligned seiiusnces h\ which ihs psslicular rr^itdao s.^ sni-.fv^ted. .S,*. iswd 
to describe Ms iny^alioii, s bomobgwjs or altg^eJ ;>£quf.nco j^- .-:asd to have 

W nmmmi at a paiticular residue if, m a.o aHgjsxj-ieBt of pnajor.].,: scqusorive (v.^,, 
fmm tlsB stS^jmssst algoritliiu tiscd to identify a 1(0!3s-.^^,.,*^i3x ^cqucncs ox 
seqismces), the residue iii the homologous segiimce svhich that sligsss wiih 
psrdcular residue m the psmii sequence is difjfcrem h&% a diiXeteat ideatily) 
ftom tlie paiticaiaf Jtesidue, The probabilities requijted to detemine tJie sft& eatopy 

iS can be cakukted by tbs j«1atiw mmber of times each amtJK> add appeases at each 
residue m the alsgsaaeat. 

F, MBMS "for ^^imc~mgprmeiimuh^imte imemcHms 
All the mu^ai !seque«ces psedKfed m the abow «aeaMos par towards 
M muliv;: ^touph <!t»av.e m th« tedmg pc^ket tor accojumodatrng the apg^^iog, but 
U■,^k^ ^ 3« 5 i-iisi Ktmns, tliot? m&v be hMg of ao spsoitfe i5jteeti<)it 

bet \.i 5^ « iV;-' k1 {ht 'i'' nthe*"t^s. 

In > a ! ■> ^ ' f ! ' 5 d \\^^ usilog iBtenictksK, the program 
Kb1\S > m •> « <. J <, b ^ I :tsxactic'ri$ hetvveeB the asmlyg 

:25 i t,ht->rittin b f | t pair-wise ^aergiea betwesn 

thi JI5 t-^ -i. I K s ^ i i i ^ jXisiiion.s on llie pi£<;t.ejr. th.e 
ose^ i-^icaia U5S m >i s toon where the pioteiaajislog 

L ki vi'-^si ^ ?U ht I mtvi luvv&td seltivtmg amjro acid^ to he those have f&wsable 
30 iaterastjoa with the atjsiog. 
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ivifcractiosn by fecms^ o.t for exsraple, 2,0 to 20.0, hi hscrerneittsf of, tor exaaipks 
0,5, 15, or prtiferabsy 2 0. C-sdain .scale t'&ciom sm expecuxi xo gersMats catain 
I Ui i: ■> iii- ^s^! h N ^ ^ > bv U.o^n bond wit?^ « 

gioiip of tbe analog. TiK- irricsacsior: l\:;-.oui ^;u- ;:nsl;5- ^n-d U-e .'^.A.RS in the 
seqasnce tsay be enhanced by a vah.ie k-.^s Tb.-;r^ ir^c value losi due to dest&biifeMias 
of the overall ^.h-acJnrs, itulicaied by Ele iou?i energy, ^-foreax-er, poka- groopx hi 
ihe coie, especially those that are not mvaVved in & salt-bridge or a hydrogss bond 
•may «%r«-ficaafiy destabiliste protems. Ilierefbre, only some amoam of ovei&U 

10 pTOteiti stabilHy caj! be traded off is otiet to gaixj sped;ticiSy b«i:wee.n tlie pj-oiriji and 
■ii-e aaaios-, llosvcvoj, bai;eo on tb<.'?e cosssidetiiisons, ce!:t;n.n cjoxbdsite seqaerure 
x-)ni;abo.ns or cotr^bitiaboijs tbereof wii! eoK-rge, ;hk; th-s^;» poic-niiai seqiisncs 
cllan^<s« Jirc goc.d oatKlidstes for ftmber to.sHng, siach eo?k;Tr»ctirtg ibi; snuiant 
proielo. visiiyj Niaadurd svcoiubhuuu DNA K;chn4>k>i:y, and iesUng lhe.«e rai-iaxrss in 

IS vim and/or in vivo in order to assess the abduy, specificity; aad/or efifeimcy of 
ihe&s nrotaxUG to incorjjorate the arudoga Utto p;mtem products, i^dbrably, tbe rs- 
desigsed AARS is specific for tho anak>g it is mtmdsd to cktr^ oato tRNA, a«d 
G&txmt ch&tps m.im^ amitio scids k> tKKA, 

^ot V^RSpiUun th * ^ ^ nc Ah, il ; 1 1\ i 

^«u*u dcto^tmnoti i ofs u nc lo-SftOi.*, \ i< o tb vx^^ind 

nati ible m <ut T or « ^\ >tpk 'k ( tad\) 3 j o\tt! ? i t \ 

modvh'Ttg <<,cMK|*je!* aad tb«- &oraUutv «f tJi? tai^et pm^m at i \ o s ^ a 

m <. alot5 Vt^ct a ^midaf ott tssmpv-taturc k Fo't &t 9 btck a dovki u s vuih 

a» m«ao itoid aiulog t-> ta be dctt.t3ntn.ui TypiCrfli y s»<. h pmtc^ ol o > c 
>nm«rd^ tlictvv.hs.bosv> ^sds cba3tj<.otilonnt'tjo w j tk oiodeied targU A..\KS 
ivo^m V, -ixh a^>< imi*£;a ma n ttopbao^? t&kcit trom i ujtUtn st3ur't« e ■lUi.b a-* 

-m- 



pro\idt: 1 b\ tilt jk3^TO■n AAKS i < i ; ti)rof^ifem& io-| i^'fowm 

}>!( V \ 5^.n 1 u ! ■> i'< <-( )' s jh«>«tm>3 

]itu! !■> 5 m i > UKiv i\ i ittlf.5»o uUi Of,o o^^v ith isfV J v.'^t 
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ot. ( t ! >Ht1 x<v oxw n< \ so s > o V ! u \ Hii 1 ! ><; on-i 

{unburn 0tCm.'m&rs<.cixyc^mi%.h to calcahito tijc poten ^ v „ v'li « 

(svfeiij g{>^.i ths. fotct. (m ea^h ^*om) for »\> v^^t of atotsii. poiiuo i» Ihi^ 
mtorratoa ^a*i be uj,ed to gcsssTBte a ftt,\v ^et of cooidii u^^s lu m eli 1 1 i d < e 
Oit total |K>touaUi3s?i^ and by ixp£!a&n^fhi-.pro(,s'&so%i,ta«d joypasm,.^ 

mai * t^&tmi muvyc»h asv, towtmU ? ippUvd to mdei^^ilvH jdinilar to dis. subis.ct 

hi nt,rai ei5erg> Kiirmii -^tioa mefe*.)d<^ cats bt, cam< J out lor a g svetJ 
If- i p^. iu«c. It vthx<Ji m bs, d isettni to the docking hPimUt an temjxr Jture 
^ «. XJ)^m < i^agj aitttistizafeon oi the molecule at l\ ooonlsmts and velocitivv ol 
Jl It &oi<.istli?^ feiuii compiited \dd3no«aU>' ttenuiOialDwd'sot he 
<i\ t»m i V«lak^ lUxtinieapfv.uateJbvtlioveskiHodmtk art that <i th 



aoHBsi axo<le is a colkcwe, pmodic motlos, with afi parts of the syslftm xiiovisg m 
fh^s& vvith eacis othex. and ih&t ibe motion of the molecule is the sup«i|>osMos of all 
mam] Tnodes. For a given icasperatiuc, the meaji square an^piitofe of motion in a 
par&ulsr mode: m invei-^ely proporuoiial to the eifecth'e fee coast^nt .for tl^t 

s !iiv>di% s!) tiiat tbs motiosj of the mokciite will often b« domisiated by the low 
&eq«e:n.oy Vibrations. 

Ativr rht.; svj.o!i;;cii!;ir •«4Hici im i-iux-n ^energy tnuurnhsJ as fi. ^l^e systssn is 
"hc^u<i-d" "c<.-"sc;i" thv siic-ukitsc-n iej55p<;r;n53K\ Uk by jarryisig out 
equsiibtation rui^ v.hext t-h? wJociSks oflhs: aJoT.s .\rc :K,\ic<\ in.^ ste}'>-\vi>,e manriex 

10 inp'i? tbe (ksiSKd k-!upvt\4h;)v, To, i^- reached. The .^y?t^3» i*; usnher evjuiiibiai^d fox a 
specified oeriod of tiine miiil aetturn pix>pert!ss o:f Oie systesK sach avetaae 
kinetic «aergy> seinabt eoiistant The co^<r(iin;ris:;i. atKi s'elocitie.- of each au.iiri are 
thsaohtasxjeditom tl^e eq^ilibaitcd sys^otn, 

Fiulher exsergy xjxmixijtzstion mutiaos o&s?, sii^ii be carrsed ou;, i-'or yxsuxsple, 3 

;[5 secot5d cfcss of methods xavolves calc-ylstixig appio^uuate s^h.itii->nN tc-! the 

cot5.strain.ed EOM for th« pioteux. These ajstksds ase mi itemuve appmaclt to solve 
fer thelagrange xnuitsplieis an4 ij^piesUy, oMy aeed a fov iterstiofis jf ifee 
cosrectioas required are stasdl. The msm popular xaethod of tfeis type, S-HAKB 
(.Ryckaert et s!. (1 977) J C&fnpt4 P^'s 23;327; mid Ym Qimt^rm et ai. (1977) M>; 

20 Phys 34: 131 i) is easy to kiplemeat and scsfe as 0(N) as the mmibev of eojjgiraiats 
iaej«ase$. I'hsrefsrej ths jssfcisd is applicable to macroxnolesjales stJch as AABS 
proteias. An sto&tive method, RAITLB (Aiadexsoji {1983) J Comfm I>hys 52:24) 
is bassed oxi the velocity v&tsioti of tiie Vsdet stlgoriflan. Like SHAKEf RATTIIi is 
asj heradve algotithta and b« ased to stieigy avinimfee tljs modei of a sufaiect 

3$: A.^$pf«>teiB, 

nU ^ I xi>it5v. i'.istu .o s iJ 

-6$.. 



traoirsuiK Uj);.^! 1 i< i mi a«a1o^ »! Mtkc'x to wJ ^ w*.! 

hb! Jtv- fv> -'JtnHO ». -id dtia (is. H io* iot smtv- vaj > ni^) oi It >mnc^ i " 
S n u J 4 t M4><i aad Sjjocosk llsai uj\ be joined io Tomi tiw i><d<xlwm wt an i tst 

T I lea ^ ^ l!0< n n k1,!tg a 

ntcrt.atx;&% Uf-^ <>iv> juvi^ot I «chtxKil«t b u . i ? iot 

and <?l<AtK> J c popottes to mix,? k \ w ii ik ^u1><-n . ^ < i s )1 j \ R-^ 

I a^b2U Mo/ Bionb\ De^^Jarh / U ' ^1 '^''^ 

0 tvCTd ^ns^i^od^, gmesall v m\ mto tw o categoiJt^. ( i i d^<iis^ by stmU^x ^x^hu.i 

docked to tjie AAR& bmda g ^tj^iclt re aad s,coi<.t.« 1:0 od3vss~oi~ni, mi (2) 
«m*£> dsslgis, in whtch the actd asialog JBodel is cojistsicted piesse-wise m tl**? 

01 w\oi mofecultsa, umqa*jlv de'stgtied $o bmd io n^bject mutaut bm4t% 

. Mu tlb'^ fats-ve boaimi.Ht, t1 1 dtrsiga ot poteBtia! io d th it 

^ t'iy luiictjoa %v tb < pait cvthr AAKS jiaais.it b^gjm 1k*tb tb<, get eidl p<fi&]X'c*ive of 
25 pt ctmplm kM< ty tin tbe «fab;'!t-dtj bmdisg aw oi tk* en'*>'mv, axid a s<?diU\ 
^$1go{?t5ir t i,'iifb\ea\\ltKi j<icara!>knrioaiHaigadataba-.eof'>mt*Km!^ttu1eH 

s,ubsti«te biKdmg -^it^i Such hterre* be gc lersl btMll wolecaie kteojiei*, ot i 
K 1 b^> J it-i-i^ d to <'n«uc < ch' ana.og^ or nmall mokcufcs wkch «aji bs? use^l t» 

H s\ ^' iK ■^«nh Dt k >i-'^ 'iciii&vyiu > vjHKt tK> v-^ab sb*>i of chejo c J 
>si<nvv.rc« i <^v.^ v^ri'v bi; ti.a<.^e during th< LMtJ-il vjaul Rs fe, i i^ anticspafod 
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voiH L., iheJic U nn -^ftbi f n kviit;\canbe*.s<jliuk4 bat 5 us 

site. 



(Lm \x b ^ ■> T n)h h 1 5. ( *.m*^i<, in D H \ 

be svd o ^.iUX < * ». ?Ik ^b ^ <- J r 0 s m ; « 5 it 

brdjn^^Htv ii^jt'xw pi kuu {.V ^ ) k ^\ h<. 
'^'-vUi 3m< V «iK ^ U'.h ^ * nst s nil n*. i \t tn j i i. s ! b sps-s 

Ihe omntatioas ars svamfeo Ss? gaosfesssr-si'St asd the best: are kepi for 
further «x iminatjon u»mg mokaslaj meclj&a^s pjogtams s«ch ^ ^MBLR or 

ol m»->k^«les (k&t ire c^>mpl^^m4,& arv m 'vhape to a gj-^ es biad ag vjte of a r^cptor or 
vtviyme bax;; tea to have fee\ertil atUi *.us<f &<mtt\\-. Hw, mh 
aigoj whsTib can t<tm\ e a rcmarka&le divvrfeiSy ol mok(,ui«! Aix,liUatsMes Su ond 
the be&t &&i{ctujes iwc pmtoa-* ap|>hcjat»oav to otx^i pmsxta,, dvt«wn&^a^vd 
i Bp e&&n e ^Jsape- torupLSit stanty m ej aa e ctcnded suria-* area liaid tho cv^-rali 
jpp ^w^i dppeanr to K quitt iobavt wtft jfs'spcct Ji> !*msll uncemmti^^ m po&Jhonrig 
0t the cmiMm&tQssm. 

1.<.kM<. i^i ustbadmjcrtH tfee subject mstfeod can ^hh ^0 <.m algonto 

' ^-^ u C <« »^ ^2 i08 ^ i^94\ i at>w papists Jc\^ nb<. a computi.T piCgr-im SJD) 



<^ in\! o K^:!x\i, >f * - ^[ ^ , o so dajuioi: that )^ believed to be 

IsUU^.f . < M^M3 o'^sigj' maps as cdpid Jnokep tabfesfor irompatsag approxiisate 

diig<,<5UliJ0 a^'^ (1 '\ ok s<.?<clH'i> such da.a x^s*.*. CXl>B > snUl 
naokcales, wh^ch car <.ne Jca \h i\ c f>ubj-^. t^yu^mg -^r^ of the '\\RS )" a wa^ 
thai is both gtcncah> acCv^Uibk asid ft&s aMg^ hkUtk'vX^ &o1uc-V'r>^ f^rvcxa^.e 
chsmkal ffitt-motions between itiS candidate tiwlecute aiid tbe 4.unoim*'^ arv 

teimss of aa «&omMc of fevtstsbfe bfetlmg posjt 'n <, >-or)ica1 ^tsps 

and tbeii s^tarchjag for onen^tsojjs of l&e csKdidafc mojiecub-^ Sfeas cause tJiaxitHum 
spaiiat <?omcMetic<, of mdmdtial candidate cboaucai groups wiih m&mhm of the 
cmi^^iiW? Ibe oxsctmi ns^iX&Uhv^ of cosnpuier Uicmcs that a oomputei 
basdd ss«,>atKb tor novel hgaads foliuws a teadtb-fei i>^U^ A bieadSi-fit^ 
fetofegy <«ws to Krduce pmgis?&wvdy tbo si?« of the potendal oasididate ^mxch <spaw 
b> tlio appKcatioa of fecyeasjkgly sjismgi^nt orjisda, as opposed to a depth-first 
^ttatog> ■vvbca-.ft a maximally detailed msiyn^ atoms osixm&ta pes fotnied bcfoa^ 
pxt,*cec<li»g ty tbe Bcxt C\ cosfoi^iS to tlifs strategy its iiuit Us anatysii* of bfedssg 
x!, tiidststcjttaiy - it st?efe!< to sat3S>(>' ibo ii^sisessarj- co^sdlboti'S of stmc fit and of havmg 
mdhiduia groijps. ia \v>ii<?ct ' place'? for boi^dstjg, wl&oul m)po<!mg tlie siifijcioat 
cotJGuion that rawrabk botidiog actions act^MiSy wcys A ranked "aioitliai" of 



it ^ f t o.j> 1 ft of ^mno.ii.id analogs or otmokcak^s^lHvbcit^ 

^ -> i ! ! h ! { s nnnxt ksu ujjI ^ 

x.Kl^l ( i i i'-^ 5 U H t! i^^snj-' (toMKd 

t t . ^ t 5 t s N 5 u ! a ? 

of rl5£5 {Fowm a pU5 <.Hk c i i i i \ u mM 

x^ ptndm i oti^li.}-otomuoxi^»<.tsi upt IK in ot 
i SOS s 3! oflsgand^oajKWithpju^^ V n dafd 

bmd« g site aad sh(M Ss-uffii. ant cojKosdfcSKe oi Hormt ponps wvi i ihix> u s v 

As a Sxbt repsoxiTB^tioa ngid g>,oru-tiv i-s actqsable ass IIk ^^at rgy mtHsms/ed 
woRhns^eHoltfjebmJHJg&deof&e \ARSmt8»t d^sc^beai etiu^ ma^irBWP. 
tl V KHjIvi. 1 1 dbeit Itval oit« 

\ f jijthf iN<?..niip^on. 3mpiti.it CUX it> that the potentsa^ ^igand JvSi 
m«. 1 m ^ Ok Mi ^stj-atc htrdmg of the AARS mutant do«JS not mwe 
^ }}i <. H)^sttrwckt.nMHtr\ njp<rti'5K1^<rge dibtributJO«<*Ri3vo alter tV 

su ss a th tt ti^v iato{;<.tion <^!k prtu t-tixl b> GRI0 aio «&v.iJ tn posxtysual ami {>po 



m It oimp Such detasM aj>^lvsii> ishouid toim p.iU ol itwc ad^ ascui 
^ o ii<h hi*.-, dentil w^s m tu < 1 T\ ^hw^-U vi 



1.1 t si ! Si ^ i n 

m ( , ^ i * . Kil ^ u ! h 

W„< J^J x> i uds VI . ^ li. 5 1 m U . 

iieatvh s| > m<»s so<,a b> ^ a d-ita tixje \^l«cli sss kept ^mdor tontsyl fav 

iu vol 8JEiotb?i embodimvnt ^^S?tt&tai ammo s«al<igs J^.i^-nuHitd 
ii^rag a mthOii based os an. eiisigy 'motmrnfeon-qutfiic-Kt-d mole-c'j^ar d^mn k •> 
algoi \thm tox Mtmmmg energeiiuiUY ta% orabte possstiyrjs. of ftuictjojial gj\->ttp^ m 
jhc i5«bs>ti5ite bjaouig srte of a misUBt .\ARS mo'me Thtf m>5Ttiod aia m the 
de-^ign ol i^iokoule^ that «5«-orporate such fuoetioiiil giisupvbv \mdnic itioa ot 
knov.n nxiiao k k "t A hwxiq d aaalegs oi tlssouah de novo wthests 

T or npSe, the niwlupie copj^ Mm«lta*^e««{> ^«8?eh metili<K> (MCS^) 
aesiiibcd^y Mut'^nles <^ «J (Pm) Proimn 1 1' v.sii be ^^tptsd tor us^s m ihv 
mhs^ci Tjiothod Xo detvnmne assd cb&ractoJre a lucal mmxtm Aiiimtxo&x) ^yap 
m die fot^e tod ot th<, pwteju, mulairle ^-opiej, nt stsktted tusitso'ul groups arc 

Biminu/atjoa of Oses^ ^<n>i^ b> -ojotolar mechanJCb oj q«eav.bed ajiujcjic-* > leU^ 

J ,,tid v^'iSi. h or b cw'^ unj iniiMt m i -> one tmbodimuit the MCSb 

mei od s< - vLt .^b d turn*, d«> .idv^iSl n<moc (1 HH) dppiovnutej o 



)impifmssiU.ti(mi>it\f^ \K SS tip utiknxeci strvs hoKx i\ i\m t\ 1 11 

-''p-^ mrtmoki. slttTnt-f^uuKi mx* * Hj c snK a t )j t) u 1 1 v pi 

hi H it f is m I i h u 

5 <. t f; 3! V t i. n \ I in ^ s 

iuS t ! N ! I t i5 ijn i ii t ■>! 

t5K \ 5 5 i )i m \ 

in> !u 1 V £ H at > h I 

J N ! ^ 1 Sf^te \3L% ISO s 

x^l*^ ! I M i 5^ i t) R tnalunol, Acetate wtb.>i 

n«i ui 3 c Jttk. ^ titc i !. i ! t:!h 

Uetvr^ ti Lii illif ( tic ^ttutnr htxn >* nux. t it 

mt nit{j.po!»my» be ampUd BiNviiiK KhR\<.v h\ h^aA to 

9 > ht Save 3 Ot (Vv ipj^ti I'V tht, J-Ii i £' 3 Ktobv v.Os6tOiv3>v? I K it-^ Ktl H 

on tri o ap3,r <-ti]ir<^^ a| j v.^rtt«} (,itii\MUi ptotcjs in n*ot*; p->s n-^v. 
t\tn ^»n^r c it o t {.c 4 ;> Ok<^Al mttv) v jj.scu; ss d v rdt^v. t<ira tb t* ^ t x 
tK t >i s\ 11' )o xi-itttoKS, sil the ixagment!! aix itiis t i * wi mu«. iiU ieo\ -^U sj, 

sbts method tb& fosrces on each tragnvest esmsjstoi .?fs miesnaJ iorces a^d feose dae 
to the pmtsjti. the esseatjai dsmeatotttsis mefeod is t^^^ mteniciiomMwesja 
i^^fe tssgmeatfe mx, omttJetl aad the flmi> on tK pmtem are siomults't.d to thO'sO dat. 
t» 1 fsagrj8is Is vta^f isimttbajjieous. rnmus^s?^! on or <. f my 

atistiber ol tovtosl gj»ups. isi Uisf iivltl of a s,mgle pjrotm ^^cjs K poifomted 
Viiiimtishoti ivpoifoitJJcU ijiKce4.»nt1> o« s.ab<?ts of g 100, of ihe 
^^^^do nh tii^v-cd grf>apiv Mief a teaaia aumKt of w^'p mtm<jj4>, mch s% \ OOo 
ntvt^a];* t!sere<.ult ca3tbee\aiam«?4toelin mtt ja^oapsstomi-igisi^tOsK -^asuc 
mn-ixm m\ i h3s> i^iwcev \ repwtt d wafel mHurmz>.ttion jv ^.omplcte (e g ILM*? 
j^adtetit v>f 0 01 hjti mola^ \\ Thuh U<£ R&ultmg esejg> mjmnasrm "set of 
tt-< tK o X'- compu^^ %\ mt amo^Kfe to a scS of di^coiiB8v.ted itagtnotitb in iKac 
JHjit,itMt s x.p5vs>tumriJp«te3ttiai<?i>lt>«mo'Ntoi ^snmoaodanalog* 



<F chvT5i cdl K, iMUN t,a } > N oi rrc j«ot! lamx & ^mio acta at v<to«>N 

, ^ , V iau d->:> cd >> KT W I i v » cs the 



1 1 O I of 



J! \ m 



spscers. The iiteary spacers are opun:a;^ed s^nscror^s snrall tj^ 

aha iK V I I i ? i K i ^ h .s 

' U \ ^ ' !MOi > it 1 i Ui'K unm M V * ^ 

(<ni.sVl » ^'^^-^^^ ^ ' ^ 

accsi>tabk UcmHi, >*t tk, jtJM^ *> oi solat? 3 s. %nth x-au-der W ah mdti \MUt om 

Ttt sdditiOii- tlic order m which tlis stepsS of ii>e prcsem mefltod sre psrf«m3«4 
is pimiy Mlostmavs m mim^. M feet, tho steps cm be performed m any ordsr Stt 
raialleU unless otb^mis? ssdk'sted by the pt«s?nt disclosure, 

^\u:>iH(novv,nK>ruHUo.'c^ . -jjti may be poformsd in citH-r 

m ih" art. In ixuts*. , t-ic jno^^.^i ^n.^tXxi -i.d iu; l>v f<-.fiv.'t.'c 

ifi my comma-, j - ioa.ls^i.o tncdn.ri f . KOM. K mLj.n;\\ tn-\^ pn \ l»v L5pc 

'.i.r A.,5^- ui iHc i-> m ot 'X sojup^ Adi ^^M).(i >.;5rj<\i,v,-* m i -^^ , v>k.\ 

a i< lochia ^s-ilinn Ui* -s*- ' k3^^!^%a ^V^-b i'< 3«rj,tv."^. -> ^ ! 



45' 



vi-n ' -i [nteJ'vCt Avjcordmgiy, th«f pt<?c;r(W snv^naoa \!s> not Ismtteci to am 

K 5 S on ' i . * . . s . Ih H>i ! px< O.SOX 

descnbsd, it ^Hl fee ai>pss«»t fo ilimi. sdiled in fee aii tlmt cteecs and 

10 s^l'tci and therefoii?, thss &pp«ided cimn% are to «0Crtm|:^s« wilhm Ihek scope all 
s,ucb vhaj g«5 and TnoJi^atiosss as Ml mthin ^ t? s.puit of mventbn. 



I ExmipiaryUse^ 

lo date, o%u 100 ftot6co».kd vimmt. j^ids (all nl30feoma1i> at-c^.pUble'i fese 

Scbaluusil / Chem Soc m 15dM5&?. 1%! Hmsbss,^ et al , / ^s; 
(IfiM Sac m 766-773, iyb2 PoiU-kera^ 242 1038-1040, iy?!8 

Kowak et al, Sittffki' 2*8' 4'*sS-442^ 1995) ail toe amlog"* nux W tived ior 
des^grmg ■^mUhlt A.\RSs that ess *jffici«miy miotpwjate tee analog jjiK) ptofem 
iv) pmduots, M gssiieial Sia re-desigyted AA.R$& ifmUnt 4ARSs) of tiw mvsUst 

nwso o tbii (xaturj » aiSs^o 3Cjd<« ^<?ucfe a? Phe) sr&j be dv-plfSt^d SO tbai oxay ih> aoalo^-> 
ats mcoxpomjsd. 

In anote ptefetred sj^foodtiseiiW i^'o analog? may ss ihx. 

&vum* arxio ac5c* liw oxamp^o djttlcrm Phe Jiui:>g&), or djfrtfjcsrjt anirn*-' scjd^ (,toi 
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'he comTTcandxV a%a5i>Jb1e \Yb.CA\ Gam i Vi,.^fe4)s^sal 
Yi M r\s.5i'^ '{ R'> ^mh.<>ii-> F it)U nyhiuv coupled m v<??< 
> ,^ < s . vn oMk I d-m^ «v-iiculoc)^s lvaaie-ba^<o4 Rmc Lyssate Aa'^^ 

\!t -!< '11 > ^ Iv tbo mMj irasiiktt^ni system cm Ix- ^ekefci/oly 

> , V .-,ir )nfi ^A'^.iS) Andi^i TWCixxA amino aads ^hat 

p < 11 i K ^R'^N ) ^ !tk> U nvA 'U^n \^ stem li. ahxi mp^hcd with the ssalogs to 
be iXi^orpvfMx^J j^no .tt^i'ioe protcm prodovt'; 

tnetlioaoU^gj' can also iJsed to mvy^tigafe Oie <jf wdK>p!tobic;it\, pacMn^, 
Side Cham asstsop> SBd kydrogm boadmg in detomxjnfeg protem ^.rakl'n mt.< 
Mdmp: It caa also Ise used to p«tbo cstalytsc m<.cbam$m, ss^al trass^ctiOB a<id 
sl«ctt0t5 trans&i m pwtos. Iti gd^tion, the prcfeiues of pioteisss csa Ix- m»sdm>.'d 
u»mg Oiss^ snabodotogy For e\^mpb, pbolocsgea ptotctns cm K g^*jxt.afesd thai caa 
hvj aotlvaied bv pb-^tv^lvst-^ ossd nuvel chauioal handles have bs^« mmsdiiced tnio 
,1 -^^ii5-!oi ^ -^tVsr^dilcsiicoxpomtionofoptkaUnd other speolxo&corK' probes 

Fu^ <. «.\o o'^me'it of a getie^-al *jppi%>ach foi the tncoTix5s:aU0U of ammo aad 
. iaL\,s 5 i'^ m vno. istt-ctly frx^ri the gryiev^b nxedjs. %oo!d ji5;«nl> enhance 

1^ f >',v^r immo aoid nnifaj cne:**^ Kv ox^mpv' avinv to 

s -u\. V "v. I f ^*!> -'^^ ^"^ ' "■ 

, ^ ti . , . J > > i 5l u stt >5<x) -Uh .'^--sK 

U^i>^^>^e^> >0 k< ^^!<>>oe^^- i * <.b-> ^•< vsl h 



at the p-esxisiv of <5up>{ied ^"tMM^ ^i2i(x at tk>j-. ^lottu p' -sa^ *^ U 

naassupt v*,l tc\ codes a poivoefn& is snj xmssn>^ Ix m ite art lOi 

a&togN loi i.\AiiipU\ any n vitto mte^uptxm >s$cm or coupled tess^jpfem • 
^ txA\ fel it Km »\>,U,xa^ caa be used ior gs )e ate a tmss>^ pt t .t^re&i. %vlts<;fe to 
S6n«& a tempkte to ptoi&m ->vrfl Ci^ss Ateraatndv, <*av ceM engmestcd cell 
icin ne «. r tecaotul con^poacntv (iv&at<.&, nombstiix^. frsvljoo;* ett > tkst iv capable 
n o^iv^,'.^ p?v sxa^ hci n >er> T5i.*tni4» cm be usssd to guimte d isaas^ttpt 

; K^^ -ua v. d sp« etc ) <ad cO't^<Xi>, nuc'&ofedu- (iTP, tlP OsiP, 
1. . \ n< iHvti ■>v$vu fsafrtis and &pp op^ aV Imiiu condtt o a& well a-, 

^<st oj soui.f^v nN\ «<np!&rs b&i cfc c(jmpot)ent» may also &dikd ioi 
ojttmi/.O .\i>H>o jsdmoa A sfoikd ^bsxi v^owid t^adilj «msion ttlier 
eiafeodimests^ similar to tJ^ssss sfesedbed teem, 

.25 

\\ ccv^lopsd caraputadoa&I mothods y> predict $ffqueuc«s ol^Jgs^s in 
ienno .csl A<\ \ iyx\h^:\s^sc^ that enable tei to bind novel amino sjid a-.3ia1ogs, 
\ -Dor \? Ka\ :V iJii,^ .ui)S-tcial ^jniiiio acid vi bsilT h-^- van nt^ .to tos:s\-ir,d «)^les 
30 '\> c:v.<^:.e io;ar..efs that vouk^ t't m ?V bmdhijj |x>olot Cor th-^ sjatat d Mir-^;ste, Hie 
gcomvtdc orictJtdtiors of the backbone of tise smino aci4 amiog is speesJled by (he 

^8- 



1 0} ' 05 v-^v {5 » it) i V f vuj <-5ki! 5 !o hi u < 1 1 / son V i < » 
that lta¥e favorsbfe m£era«ti«s3i mm ^is subslsa^. 



Creste 3 rotim-i&v Hbmy &r the atamo acid mjalag 



the mitiral ai«mo laoM fo^i^one. Keep^«m tked is 
sdmity sikI totsmeric coafomiatfos m protein desip 



_t ~ 

Recogrshe positions in the buKiing pocket thm k\tm\K.t 
mfe the sids ebak. Coasider tUess posite for 

J ™ ™- ^^^^ i^ct;oa<; v> ? it\ 

Ri;u s proiem dt^lgrs cateulatioti us ideatlfy pfot&xn 
&equevic-es tisst saferact: fevorafely with the mmm add 



1 Jc>>i£in pus^uofi^ 



ihe Jt^Aj's «f the mse i^ou ate descnbed >^ > s * ^ 

pMci-'^^d e'^ikv .meats >f^<; avenlsOiJ Ho\\e>-8{ hewnx-mKMii athtufv,! e 
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be apparent to those skiHed in {b& art. Such modUlc&tio«s nnd vsmfions ats 
fhereforte also cc*asi<j«i-ed psjt of *e iim^atton. 

M tltc follov ^ ^ V ^^ ^^^^hc^<v 

(flK'RS) 3S modd to k;:;; 51k- teciiniques^ \Vc- luve deuigJK^d & ne\v n-ularA fonn of £. 
5 Coh tRNA isynaieiastt Usa? allows efSdeM in vivo mcoipos:ad.t>B of arsd tetoue 



L A Dsslgaed Ph^syfelajjyl-tliNA Sya*!i«ias« Varlast Allows ESIdeaf 
vim himrpor^non of No»-»ataLml Aaalao Ad<ls (€,g. witb Arj'l Keioae 



We haw p5«ViOT5Sl5 ssxploited the abihtv ot mxotiopfec luHJietfdna 
siraaais to ef&ct offioimi Sioorpeafton ot smino aaa smloguss mto pmt«it>s is; a 
muiu-sjtc fashioii ilie msthsd j<s ;3n(i prnduces* pxotsm jicids, and 

incorpOjta*toa of the analogue «5t mi3ltt|Jle ^site's offej*. s^jgns'l^i advantages vs? tli 
n sjw* *<> contx<>l of protem piopestits 'JiJiib as toernia) and i-tonoal sfeibslitv ^ 

hi s su^ v^c wp&ti a eo«3paisdo»^% d^.stgsi<?d %snmt of thv T <-a^i 

vlir^ i. \ \''*k) iikJi i S lit is h sbv vkxed 
Si? )s ^ ^ ux h \ V ti s> o J i ^ v/-> on i kRs*-i.m 

^> ! i J 1 i i J o ii !!!-><.! s «n > hi. i «T 

did rot puxlucs ^bfetsisisoi ^ leld*. of prok sn {h sgoK. 2 5 

OvimJ«ieNtta2diisei>^mf^ "5.bt£iUCd!\<'i,j5Jih oMIk sis' has 



iK^woAe^s have ac^,oH^pi!&he^i ^ite-spcsaii. mcoxpnsatJos^ ot kviorv, &l i% mJo 

) I i '?> v/v^> 'i5elhoiL of mtiodiicxng ket^w iaBttJO-^alm nto Wvoatb^^xU 

C<Ii il <> "^v UNI. I ) tt^J^dUv ^ O'ilU I WiUfll i * 5 't ^ 

&'i,Tsth«;^<?s& or «jastmjj mutsai RlSA avsuhctfe-^ ^ it^ relaxed mb^fe<ste 5,pcc«ficst> 

Vhs c,mUl stacisjie ot Hiem^s th^imophtl^^i PheRS (fPhekb) completed 
<v!t5). 1 avaiUbk^ rfsd ttoc 7& 43«'& o^^salJ wqn^»nce sdsnut^ hawc<sn ^PhekS ari^^ 
fPhekS, scqaciicc t^>inUty m th, ideaufitsd active niie regioB is. 80**« the'-on&n, 

iscflsl itiutsiuts, ol /PteRS, ih* mtmtitm to pre^aye sad nalsato th<. 

mtAXiXc. iJbiarv for 2. m Voluih both tlae xt » lomwial argks wcie vaued bv 
-^>r (lu t»<5Wort«, ot :5'') tlie va1ue«^ of I m Jie fffecRS sistuctsre Desiga 
^AkTilstionfe Wi«f j^rfcamed bv fixmsi Xha xdsnUt? oi the ^bstras^ i%) hy 
dh-'smg ewh af U RNtii-anchur ^i^s m fee a.mffio &ctd binding p^scke* of rFhtUS 
{tJeienjimed ixam the crystal &*suaat$) to be o^-CBpied b> «my of tbe twaiiY mtm&. 
iMsnv Auds except tor pmlme, mcthiOrtme and o>s.teme Hie mchm te*»i«l««.& 
ttui:8 <.^UUO ljtp?49,:tfasi7S S^tm OlntS^.^md \jfg204) were Hid £i\<:iv'i 
ivkijut^ aiii. ^.oifo « ^150J all CD^uUitons liiese rfi^sd«e^ i.o«tnbuk ««x>$ rm 
OS i iv! K n s ith " b i^ii<^ 'nd It r&asoBabIc to j«'S!»UJii8 tbst such 

]lv ^> osr !<. ^hx > nj,' ( n \ k>nnr s. - .iC ^ 

^ir- i \^ \« k!{>l ic raflijrdmt olsrnmo Kyi-.-^ri^Ci $ is fbv. v. ^ % 

»K0 I j-e 1 ^ o5 Ckc Fyj*b<\ <.r>«{'ldoncc m the pnxSr <.n ■■^ < ^ en<fc i*. o \ b^ 

fee feet timt fee Ma2MGiji msxuin aMo^is jncor)i'iMjo« of <u i^^toic^-mit^i ^\ v)t 

-Si- 



shu .-^^ )3 ol , " ^ " i'ht, 
(jir^lHi n ' ill Hi v.,dosj;natxi -sC^M^-^ ^ I"s3t 

' spre&^oj pksmid pL> IQ,'* wa*? transfonaeU with pQ5 1 ••'Q- '"S m ~" 

IS**, »-espt?cmciy Ihs? capaalj* of 2 to *«pport pwkiii susl^^s.' m ^<^.». 
expi-ss&sxjii itvstem det«^3:raincd "by mdu^^&oa of mDHUi 

0 FS 1 v.xh.ibjfe psoiVm expre^ssoa <sfemc baclsiouud ( phe) iix xnsdu 4,uppkmc"^t^J 
2 We note tliat Fhe ^toatsop doe» sot tompkfeh eimiimitf baekgtoimd 
<jxp''^ss!OTi pre&uMablybecat^e of mmttpfe^ depletoa of ?i5s eeilslar pool ot phe, 
M C(?atrA^^t ^ssmibriy ^tspp1<^me«led ciiitarts ^ -IQjipQL-FS** j ^«vels 
of isi>IirR e-^t^H-^ioii The kstMrnt^-tfegfisud psofeta bvsisi the latter c,«'uiiv 
(mmn R'D puriSed in a }t&iA ol about 20 isg/l . approamately 60«/< of tb^t 
obtas-jed ficm «illm.& s,appfcm«ssted wifh L MA3Di-TUT* mas*? spectromt.tsy 
s^txved t^at till*? i,vss of isDHFR-l %v«s jjissrea^ed 304 Da, whjcb muGb^-^n^ 
<'P5^ oxn.mtel> HO-/* repkcemetxt of i % 2 (uiDHiR ^osiitrj«& Q ?}k< xwjd»e<^} 
ia(;ospo'M{oa of 2 was civuBimed by t0P^s<" dsgestioti At aiDHl R~2 (Figitrs 1) I^or 

V > DHi-R, f^io poptKk*- (f^^piidei* A stad B) m tne mass iSS047^o Da vs,-ere 
.iistvu'd re jdues, "^4-4'" aad 94 10««, ieN|x*ct3Ssh i Figure ^«^) Uvh tia^r>«,iir 
cott<- a smirk 'duK. The coinaspujtdtsg ftaj^tab of (.Figisre 

-82» 



s:elat3vsto l. 

I ^ luu its ii J ( iM 1 ^ ^ rrs 

f t ■) I I f i 1 30 th<. O I 

U -^xw n lit -i i Is % 5 !!l 1 !K i i. ]^^ 1>im 

•>l ji t.kjVftjj,v. » dv. L,5.t< >.>Bds{«,«s 11^1. 3Cvi its. t, ith 

tie rskad l^^fnm t^rm pfhh PhtJRS (rPbiRS) Wig mt t m fomj of (ht I 

gtad¥ siso dersojistotes pow«r oi: C0mputatiaml p^otem 4^jgn m the 

tistosl ammo acids, 

^twpomm' Inmrmaftm 

h p^i^S -s^a ampJ fitd l>v tlio polvi kiSve tlum iwctiors /PlR) fix^w 
vev,toy pQF f S ^mpi^UeJ svas sufo}u.te<i to Fi. R i utsbt iests lu at.3tc fee 
<,odwg xequea^c tbr the de)>ired ihr '^'SKiK matant, wkok v dts }he * ^ Tc 
allov i»aststi)ine txpJvsswji oi th>, s.\'athcta>ie, a taker mtodmg a tot i^iust^kr 
\ uh -J iKslisKd /to n.pr*\«iAr bndj <y site j> pT<ps?vd xv lij ttaimal St-i^ 
?<.t ^ f J I 0 stt<. \h<. iLt { I 



5 1 I < u ^^'t fulisi Mils iod iiSfCrta mtt evprtcinii p^<5N^iiivl 

w^s ds ^on^ -imi i^Ql IS"^ eovud*. ifee luaike) ftitux \urae 



Bm<.f ■ma m^di^ victe p ep^i^d accord »g to ^t^ited |fv)to<.v-<K A 

{HfdS ^,al {xcIhS:>7 ird i iX ioS lad f^-I? Hi h pht H -5 id ^onsixi^aoci . our 
\ bcmJoiv, ifecd a** the vM> -^stii host Iba AF str^m was. ttsmtotmed viSi 
q>'^-.<»T \.mid pl^j^s \Q lud With pQLl> pQT^-l^S* oj pQEFS*- to g^aetak 

o > \v f U h u ^ n i M ^ J * " 

t\lis x%t.ft s<,dmi. \d m Uifu i >r t!u» -> i. ' i < d^<. 

NUpvrjttu&^nt '^fe » < 1 xm thv. J in ik s \ i ^ i-t. VNiJh n > \ 

«i'ajo^ (n<?g^i^e cojiltol) PiOtna e-^q^rv-^^ns x^ ? d > i >; r \i 
sbttbv«ididit3onoti&<:xp'op\H^BtiJogAiaao O ^'"^ ^ ^ ^ 
{ tM CeiK v^e e t j'^j t\ k i ham po4 hj uUio i aa^ oiotuit - ^ 
iHondojvd In SDis sjchacnb ule gel dcctenr^ » (PAGL 11 %) us,ia^ a 
««> m ih^^C 0I\ ^ 0 2 iX.r ssvJSi pk. 



H<s> ^ v! X wjv I'ttlfv^J to pu h' % ^rot m ■> v ^ i 3 % 

biiLf! < I ^< a tMiIlspoJu CO ^ 1 D. 1 ,isj tm^i u -<<*'ef thne iJie^ 

m d the pun&d pust^-m sis i^i Vested lO mats jx-vS^&iJstvd l< 0<?*^v^ jHioh iota / \-m 

10 

1 ' uU- pir ficdpj . m< tin hjleri&'^l \aH>FO 

r^^J Im, pH4,;3^ %\a>?: mod \m b «>j j 7^ liM O W ?v - >.> ""I >.f m.x iCu^ 

inpsm 0*mmega, 0 2 j^g u! ) kidded 1;;}^ .i^k'fv* ■■II as. e J dsgf.'^. 

15 »<vctasg|it at room temperatuv^ c vtKo, ^.e Jk^ b^' v«la(.>n '-it 

usng 7t.>ri|ai;^ ^hkh prond^cl 2 of jmntk-d ^ampk soliu.,-* U' .1 <»t f^c 
McVLIU iTif-HiC (a->5y^{}-p-h>dm,.>(.ia«a^ k and, 10 mg/mi m CH CNi 
addvd, ard 0>5 jil of the resuhfag ssolut'os^ was sport(.d dtrectij outo swiiplc tj.ak* 
2xs Smipks v^ejc w^alyj'ed b ths ilsaesj i ode <im Ai>pK©d Bsossy^temss. Vo>agn OF 

%$ Htmm pmimmt md mmm wm-Q mmM m m |il <4 

mB h^mx ipR ^.O) added to 20 >!: ssf 5ij)M Mot?« CBft sHssolv^x! M 

Rescte solMtioijs were ths« waslied twice wHIi distilled watet usmg a buffer- 
eiScMa^ CGliUSi (MM|JOi-«, MWCO 5 kDa)- Standard Western bioStisg 
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pK>cedisrss w«i-e used ifatify protems modim with BH as wdi ^^s those besn^ig 
mi N-tcmmal hexaliistidsne lag. 

Tu cf<sate mato AAKSs tbsit are able- to b'md lo ^iansduial iUSiijK.. acidA, &nd 
«ver>mally nmmi acyMe 3' mds »f tBJNfAs, a to-sfep sppifoaeli c«b be adopted: 

1) Design tfe^ hMmg site o.f natol AARSs by using & protein dedgu 
iO aigoritbm to gpaesats mutants that wBI bmd I0 mn<momc&\ mxinQ 

a«ids; 

2) Calculate mm\x)&tsd brndlsg eaergk-s as^l check tor specificity of 
designed itr^itauts using a heir-lXlCK protocol ; 

3) Bxpenmemdiy test for tfe mooi-potmou of the astiilciai aiaiso scid 



T«odel for to sad-^ PfasKS is ((Sh ^-yr^^^ ^vjtls ??0 a^iio .^..K sn u 
-submit ar5J /S5 in tho sabi^nit ( Siepanov isi ai , 1992, fesktmko^ a et al i 9^9) 
Th*. bmdmg sitt tea phriylalaiiin^ (Phe) in the a ^ubmrt (J ig«*e Xhej.. ai« a 
?^mnbcr of tva&otj& for ^.d^ctsng tks i.vs.t.nsi Ih^ ^jystal btrua«r^? f»f PtieRS feusO tu 
{ts *nii«al i^ubmale. sc^dilj avsilAble accurate de^ci vpnm th*> I u (liitg 
pOvKa 1^ mt^o&^ tor the coxrptJt&tioml desiga <sppioassh inv^e tt depends on th>j 
^mam^ tot thv backbone de«,mpUt«s although m i3?an> ca^es it 1? 

pei&a^> avx^pvabtc » ase u.v^tal samotuie <3t & homologous partem ^for evampie, v 
-ovv>iog i5o«> A jvk?cd ^sscie&) or a con&^-rved drmssm to ubststu^c liic 
b^ncstfe' p.xk.n ''he v>xNtal -^tmctaEy al&o dcfmes the uuotsUoo oi Yhc m the 



tlis^ pu^.k*:i We ^vouid like to dc'SiSin the bmdmg pocket tot the An-ii< Lfs so ^at th<.<:t 
.«s*ilogx fomd to PhoRS t» ^hc ssBie ouesMt^s^ as Fh<? •*xrc«' this o-j^riaiioti mA\ 



system weii su;fed tot our protesn design iilgoritliur; wbicij a ik©d-b. 



1 



«s5 ) ! !! 1. i s u au -> '?%e best) pe3rtoj?)5ed. m m t^Bxnt lx> 
>^nov Nu^di ik 1(3 id»)^b«f <i\\o ulfaekStos'tard vanouj!. analogs 

lijese aiiaJogs have bees ssspeamenfafty tm&d to etek li:: tkey sxs m&My 
l^mUffig wjergxtv ard the »?» mo mcfsrjpo atson ra*e<> cx^ibitvd by maiwgs 



We x5se«! a p5x->tem dss5»?g?i algotit^snj (Dshsjfisii mi Mayo J Ddhjjdt i?/ , 
Wiy OBIITT. to pr«dsct the optirial ammo aeia S4?qat-Jics?s of the bmds'ig pocket 
ior bin»ijag iho atl^liest ans^ogs S^-lectiosi of mimo acx<ls psTfomii.<l mtng & 
v^ry e*:iaei}t searcJs algon^m tlist tclt^s osi discrete siA of allo^'vcd cm$( vmjsi\ov% 
L>t vach side chaia and empmca! potm^jal onesg^ teri:^Kon<^ { .a m*. > 
M oakn icid pai»~\u«!e mtefact oas b^hvsda sido c'laiON ■^nd the he^w^ v,o th<.' sui t % j'n^ 
3J3dba(ikfeo»8. 



Kit 



n n >i K i tn k Tiuis t v VjsKmi lexibtljn ol most mmoa^-jaNv *ib 

\ a i u <- ul Htkv fi >mn< ^ i t n ) 

t«5 clonal aa^*-^ o* aidtv^, ji Ut c ^^ain^ the po<Ui m>sxu? t ^ i 

N a* anstno jH,ids> the vio'sut tvimatsoa toi U aad ^.2 o s *f «i 5 

ajx, t?kt,?s to be th^ b&iXi^ a, tbo&^ toj Pbe Moreover %m. ^^mi<i i k ib^ mi vVs k 

pot-ktt So diowmg waks tOi'*3oml ^Jsgks fot ib<, m&i(^^ a^ oi f he st^cms 

<,}k 1st ui nxo d«,sigr ilgtxttteK i«<s<-s ertig t(n«s ha^cd ok u foxve held that 

P \ ^ \ in i ih t ! s II Hi n i ! J Fu 

T ^ 51 <, h Ui ^ i> Kr n 5 »tx. s < ^ ^ ■.t < 1 

jf^i ui &i t t»rtiri I dt.'Vftu- * an! bin « 

'^1 -^h. \r UK u -s! i u U! u f> " I > ^ ^ 5' 

hb tu t t 1 dt U ut ii« I 5 U) J 5 ^ i ^ 



- ( > 1 i I ) >oatol^MH m l^f^ m 2<5' 

ilj^ 0 t u -53! tit, 0 sannl "mmo o-^q f psdmo iPtu 

( i J I 5 k{sui->Mfei miiiii n<JtijlKbic ^nmo a ids wat. 

i It I \b ) ''It J po atv bane<1 ui rt^ t-oj d m \\ t 

ni uf) ^1 i^at ^fc it it ]rt iei>idos?<? (.ilia n5> 0 

J 5 i n I ^.kctroslstit. 

^ 5 n i 5 -^i i it n 1 SIT 

I i n i a I I 1 tb ^ iJi ill J i i 1 



this Site, 

la iht 'irst ditssgn attempt ^'v^. Allowed ai tK DP\ tv^tamer^ tlmt \\«t(, 
g*?iomtui 3r ttjfc sutiitssa ster> Flifc Dl \ txi.tamv.r btiectodi m the ^tmUui^^ 
ge^viated ^ SK^t hxn^d m Uj« bind tip -socket asJ mos.* ot st !^ soKesl exposed A 
cmd cAk«latysj was rm illo^vmg only t iOs- DPA rotaiaTO that r jok m«-o 
tm binisj'-g pfxke* Tkes^ ac ihc r^>j*>i ftors wnh all possible ^uBb«wtinm ot /I o*" 
101 ) and 1 >4 ( ''CO m ^nctemenih oJi Tlie «.tru!.tux*. |,^Kaattd i« this 
v^vohtiot) the aroraaxo . ag ox DVA btmed m tlie jx>ck«t smd ss aiawst 



the stsiuuKt. g^ivt&ted s tnt fct t^tuUtai bdN tvo imp* jJaat c&vit 
omjr^ m a «oas >vliKli \t« V aUol to 0 \cin«. vx<i Ah Uiou^ Mtu nmi to 
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Glycine as posuiovi bus tees? pi«fVious]y ' 
i«Ci!J7;XJ?aii'::>!) of hirger Plie aaafogs ttet are so£ irtcoxporated by the wiM type 

<:r;o«gh apace, in iht Undmg pockd &r accommodating DFA, btit t 



developed a pj-.:>gfti=r:, RBL\S, w>>tixh anlianc^s ll 
ii-jo Uu> proieia yositionN, don-.-: by se&iing up tbe psir-wisc e«v!;^i.\- i>etvvcsn 

vhs subsuase ajid &e amino acids aHo-^v^^d at lbs desigu posjiion?; on Ui.^ pic.t-c;.uj Ir. 




factors of 2,D to 29.0, ifi mcs&jmm of 2.0. A scate factot of ^ 
mt&i^&nng mxMhn, Vai 2Z6 to <5K which saakas a 
gu>tsp at th® afetal end of DPA, mteractioBbeTOn D.PA a 
seqvifitjcs was essliaacsd by 2.12 h 
1236 kcaJ/mol as indicated by tlie tot*! mmy. A b 
s «esv mx^Aiott, Vai 290 to Lystee. We helkve this mutatioj). is i 
speciiicily ^i«ce lysi«e at tMs position ;b sot msMJ 
DP A. Mor-sc-vsf, polar groups m tbe coss, espedally 
«;ll-brkige or a hydrogea bond ma) 
can trade off oi?iy aoms atBoiJst of 
sp^cijlciry bcn\\-.>vi5 d>e ptotciji ssid the ; 
following soijuence niutatsoi 




Seqseaces Saggestwa fm Farther lestof 



mubk G\y ' 01« A3140,; VaSfsQ 

Do«1^k Giy 4- Oto 2S6 + I^u 290 YZglCl, A3MG, V286C|, Y290L 



faightly oxpos<jd sxjd s s>os: m direct coj$t< ^ s jUi K Po^itjou 2^J> jn % -r^i^-^i* to 
tht? asschor residues sso smitatrng it nmy difsst (he f dB-.k<r of Ac < mmf> d u-^ il 
W« re<!omm^aa mt "moMdlJsg this laul^iion Wc ^i^o r^voi.^^soo i^iionnsr 

10 theiefots. may aot al&ot bmdmg) aad 1 222A mutstioft is* pjtydiuui bfe\ a'JV o* 
a ix^teBtid dajJi bets^-em Mtftidoasnc 'Otanter Lt iS? SJ^id I^acmc at 184 m the 
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n fas- cs^iViUtid fromijsv.1' y of stF ''Ist* v nvO'pyntJO i 

5 unaer jssjv' coaansons, 

ieJlu omc^ oj a dEthiamav. nit i,oh Im J Bioc^mmt^^ "^SS "% 
15 Dahi>at, B 1 ard Ma 'c, ^ i v?^'**^') ^ > n X ^ 

i" . w)n ! S \ i n n u i aH ^ \ l^O" 

^ '* ( K ( ] t hi, 1 t \fi 1 tK<^! !( \ m 

i^jSpi. Ctoj A34: 2143-2150. 

to Li^xtxPtmmmKliK F< ^^^^u-^,^ 3(3 UO ^ I6i 

b 5 {flat 'olamer prefc ejc^s o* piote Side cto& Nal Sn id 

Bmiisy.mAiX 

2 y B^-iig LA., Koi^t. IP i\9T) Omcai e^alsAiios e<Kl tthai ior 
I175~JJS9, 

2^ 1. 5 n s \ ' ^ N"* ^ ^ p ! M ^ 



■531 icodoii rtt-osr -(orj st <. <. t ? ^^>/ t vtlnoi ^1 tl \ \ j Utf ast S*/** a * / ?r> 
222(1): 99-124. 

26 R(^^hvl3«io^^ i,Moor lax k, O \ \ %yiyi^\ DC ^P^*^* < r^-Ul 
a3i< a pTi. \N 1 ika 1 aJen'' ktt. -^tjUni^ae ? />W tlS**) ^) ^^^ 

»rshr i:. t u iiu sr.. > o»s r\ / '4ft''5.i 

2« vi» He JC atn.a 1 roll, D imvsait mtadiiaio oi Mam. 

"x-tQxi htK mtoiHotcaj&^/ffnt F£BSimU%(l 2) 68 TO 

\ ^ a«hi N Tii«1i, DA and vjoddaid IE W k flOOi) Li 

tm cslx?4, tonve noisl iccteq«es o\ moiecidi b oiog> kuW b <.ei: c In a. 
m uob olog\ and jv.comto<mt I NA vhsci* VMthm thi- n * \x 
\vnnK|'e& '-t ».\pkirta fulK ta the btmtsij^ fece fo vximot mM? 

i N i3 t No -UjS" 59-^ \».. ,v iiihhh^ cix (h b n 1^ \ i 
Hi-^<jra<^t.K ivSn hi>>c "^lio. 4i>(u t a^,shmfi iB D His* & o } Upi^v<i 
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eds. 1984); B, PetfeJ, A PmcHGitl Gukk To Mokcnhr Cianmg (1<>S4); tJ\e trestise, 
M-f/wsj? In Enr^ymohm' lAosdesuc Pjoss, fee, N-Y-): Methods hi Emymohgxh 
Vols. 154 asd 155 O'^'y al eds.), Immtffmchimkxd Methods in Celi And 
Mohvuhr Biohg}' {hUyot and Walker, Aoadexnic Press, LoBdon, im. 
j ihe coareats of all cr.v- '-n'^; rsKiuJin.c, Lk-aruo ■r5.ret<.-r>^-;s. -.fi-i.-u 

pafeot^ pablsshed p&tmi appiicaiioisd a^; cited UsiougltoDJ th;;; applivati^»u an=' 
teeby expressly iseorpomSsd by sefereaoe. 



leager.ts described h^;s-0'n. rv-uJ-.p \ -nurJs, C5>l<-a"K-n^, uoLiwu;;, 

modUsosUotxs axid hub^-dixilkn&. Suob -^qtiiuikuis axe considct^sd to bo w ithin th* 
scope of tMs mvsnMosi aad are «oyeJ^ by f<>llo%Ving e|aim&, 



fi) provykg the eoordmfe^ for & pfesaiitj «f dilt^neM iviant^x-s of an 

mv.m sstd &i dog re^ite^ fiom varj'irsg iom^Ml sugtes*. 
(h) pxoy dmg a set of ^nictiiie cuonSisates for ammo ackl »,<«sk1i:cs tl^dt 

sd?atfymg XKfi^bonl tn{s^rat.5xoxjs 1'»cr\\fi<?rt ^^diu iotoau^ c-\ .-asi.^ 

aitofiiig oae or mme ammo acid msjBucs m ssajd hm^ ag poskct io 
jWilties am or isose sefe of simotase CQordmstes that dstlns sited 

(vil gtjgesauiig a fei of opuj rC'vd ar sioAv.>1 lk>.A -;>i-thoUst>- o^qosov..^'^ 
tevitsg favosable istesaetos with sas<l aimBO smd analog, 
2 The Biethod of datos 1, whgjyiti step geiieiattag s Kst of optimK'd 

(DEE) compatatioato r«sTsov^ rotaJKor? f{\>m m& totaiiicr hhr^ty md tJse m 
mid motldmg v^tom. 

? ih^. >i ' --n L v<'hSK tlie ammo Jjcsd analog bass a noE-Jisturalty 

occumng ssdoshssB, 
-s The BWttiod of oklm 1 , whc^ the ^n\m acid saaiog is a D-ej5satsum« 
5, A ta^fbod foi ^>nih^^^kg s |>q>M<; or pjotem mcotpwati ig ojse or moi^ 
.mimo acid m-< dvvv*.. vootnsl^srig rt^"'^ >^ ^ siatiouaJ s.ystenj inaludi«g 
^5t r ^ >. s c>oucmi;ing a tsamcrrip*, that enoidcs a 



(si) oa« or more nnitrnt AASS h&Vmg a smstated Injx&ig pookef, <?8ch of 
which AAB.S i>m.\yzis mt-orpoiatiao of mi anrmo add analog into 

'.Use Method «t oiaiu; 5, whctess .saw Uar.rsliiuon *y^t!ju5 a 'i\holc >.i*ii th ii 
sxfjresses said am ox tmm AARS- 

The nselhod of claim 5, whsrem mid translmm system is a ceU lysate or 

'ffee mtthod of cto 5. wtem at least one of said mi«a»t .4ARS oaUily2:es 
mcotjwratjori of said amino &cid finalog wiU? a Kj^si at least 10 fokl gr<?ai<fj 

The metisod of ckum 5, vvh<?nn};i a{ lc.v«t on<; of &aid uiotatn AARS ha» a 
seqaesce ideatified by &e TO«&od af dasm L 

A peptide or poiyp«|sM© iecsorpcssstiag cne &s more amino add ^ogs, 
wMch peptide or polypeptide was produced by tbe method of claim 5, 

(i) ideiitiiyjtsg & mujysu AAR^S $fi<^ueiicej;, b> metbov? os' cbittj L 

wbleh bfeds to a aiaiao aeid analog; 
p) pmvldmg a ttamlaiioa systeu) incMdmg: 

(a) a ir&mi^pt or means &r g<jRerati«g s transcript that eaood«d 
a peptide ft!- polyi^eptide, 

f b} &n A ARS hsivi«g said idsBtificd nmtcmt AAKS 5,equcj -co, <3r!a 

(s) said amino acid aa&Iog, 

«ader ciroumstaacos ft'bescift said A,\KS cataiyjaes incojporalion of 
said smino acid analog ixj N^ijd jvpudc or polypeptide. 
The h-a!5iiKu;r> n'cKN<d !.-t\"1.»m J, ;l.nhci c(>Tnpri>iug (ho ?tcp of prosllk;;.- 
5x3ck.ip.-d pbarsxticfiutk-ai soohiding peptide or po'ijpcpsido, and 

ujtSa!0V5<<rui :md''ox a M describing k>w to admim.to said peptide or 
|5oiypeptide. 



woo a t H 



A Txiethod for j^ctKsntmjf a nutan j xi>\i.}l tRW \vt«th<,t j^v, OAJR ? 
cmtiprmm: 

(ni p I V }d ig a voim%ar hbrar*- a plm<*iit\ ot ammt au4 ^iualogs v. Irch 
rep e&ai^s tl 0 €0f>iidt3 ats^ for ,j pteMy of dsfk reiit ot> ^..yiiija^ioas 
vaUi of isxd a alogs re a tst^g Ixom ajjing to •<? onal angiv;>^ 

[t i\ mo<k\ ntaaonojfe of &rfid roumcts %vith said bmdmg poAet s.td 

pi k*. xild h 

tRN \ s%s Tbs,ts«e {,^^Rb) vshei^j i fcasJ cMag«? woaM mabk AARS to 
iKi,o^oiatJd ail ammo a<;id srs^og « a^ila'al ar^mo a^td isb&lsiak' ^ft s<»Jd 
AARJs wm&. pmUmmifm). mmpnumg: 

sasd mtosi ajmao aoxd ssbsisafef; 
(b> establistog a toismsr Ijterv: for said mrnio acji a«a1«gi 
^c) aaeBtu> tg, bsss4 on -aj(S ihie«j-(f uimt Oiisl "structure model \ 

se&jdues, oi "ajd AAKS nkjactsii;^ w Ih Oh, baeibvre oi s&td aatatal 

<a> .f KJiu, t5i ti'v. ^«csi. no^Xa oi AARS -^ramo Add 

Hi o k 1 ibsf^ai^ rs i.. \1 arte sajuMt '•sr<*5dt v p . i ■> > ! 
(e) ..^i! -^'-^^ i- AARS-analog backbone stn5cl:ar« by subsiiiiaivij;- ;v.;io 
jj^toxal io»r<5 acid substese wifh said amino aoid anasog ia 



tee~UimendoiJs! stfactoe modal w^i-Qm tltc ge<.>mctri« cmtatioa 
of tbe baokbons of saM @mno add aaalog is specified by ife 
oriests&ft of ths backbone of said nateal amino acid subiimte, md 
whereda tlss backbone of said mum acid aisalog aad all aocliof 
rcslduss !dsiiUS©a in (c) fix«4 In itetity soismerk 
cosfotmationiatehlioi) K? said AAliS~g»ai>>g b8cWx>fie 5stmctur«; 

(f) «jstab1bbl-\g a rroiip of v-okiuial totatr-er^ fox <?vK'h %>r Ui? cajKiid^v 
variable fesidoc piisdiotHst ivl<-,-mj'!vx- In i'd;-. wUcsein i,'->;5f i-^f 
potcTsUsl rotaimxs for one v^rnbS-x n-siJu.^ sov.ak 
pos}«ioti(s) bas a rotamcr scl.sv;kd iiom S'sch of &\ krnM wo iiilViojtt 
mmm acid sid® chams; md 

(g) aimlyamf te saterasdoa of sacfe of the ixstasisrs for said smiao acid 
analog md xo\;&m&f& fer s&id vsriablo residue positloa(s) wkh all or 
fm of the i^Gsasader of said AARS-aj\alog baokbotse simotme Jo 
generate a set of op&utssed ptoi&'m gsqsences, whereia said amiyxing 
-^iop n'cUides ■ V sJ ^"jal Tuns ja;i.>r (DVWi oanmpMUtmxii 

lis itseiliod of claim 14, feher wmpmiiigv 

(b) idem if^ng additiofisJ proteia seqiieacss: chassges thsjt feyor intemsttoB 
botwe«a said AAHS and ssdd mlao acid amiog, by repeatmg step (g) 
white acailsg \xp intism&mm Mtwesa said asaifio acid aaalof asid 
said vamMe issldus pt>sjt3oafs). 

abil:i\\ i-pocthciti . &n6-m effici^Jiwy for --.s^corporaUsii; ;vi!d ar-\=^^f> &dd ciinloj. 
imo & pTomth 

Tlss metbod of cMm IS, fsrte coaiprisias testing said AARS in m o fox ita 
ability, specitk-ity, a»d/o? sfRciexscy for iacotporatmg said amiao acid aaalog 
mto a pioteia* 

Fbo Aisiiwd of ttiaiai 14, wheteaj said tbree-dimssilional siructurs raodsl iss a 
kaowti cr> staltograpbic or >IMR smicma^. 



j9. The m^\hiid of claim 1% whcrem ?aid }brv;e-dia)entk»nsi i>tmotar<? ffK»dd is 
estat>iis»ed by homology J5i0<iel3s.g h&sad on a kriox^H cjrystalloffjaphic or 

1<) L.Vi nx&ikx^d oi cWxiX t'>. vvhereui .said ho5,iolM^. at about 0 j 
5 idcHticai to said .''U\RS la the active site regicm. 

21, Iho saothod of dajo^ 14, wbsrem lij? toutae? Itbtnn for s&id simino ackl 
smbgis a feackboasviadepesdeat T«>teet libfsry, 

22, The meilsod at dmm 14, whereia the rotsmsa- Ubmry for said ammo sad 
asuJog is a rcHss-jer lih-^y tsUhlkhtd by v^'ing botii tl3« yl y2 

iO torfnoB&l aBgloi. I'v 2u dv*<>fees, ?m mcsmieut of 5 degrees, from the va!us!s 

of saki mtaral au«so acid susbmis isi sasd AAM STOCttW, 

23, The msthod of claim 14, -wherein said AAItS- is Ebfe tSJHA SjJitliet^e 

M, Use «setho4 of claim 23, vtfei& saM Bsj^B^S Is tern eoU, 
^ 2^ li ( M a I I ) I J j ,m ( j5 a\ 

27 ih. melhod of ilsmi M ^s-hejieiii said ammo a*, id <miio$ \h & dcn^dtivs? oi at 
least one xif the 20 mt^tml asiiso acsdSv wjsh os^^ m mem fmcnoml grosps 
B8t present m uaiatai ss^imo amds, 

:!$ i m thod oi t^^aim 27 >h«,-m ^ui"* { mt * on i m.oxip <■ I t Uto i 

t.^ > 5 b> Id I ! i« 5 ! !o ( Ik 

2S 30. The 'tseihod oi clai 14 t>nd of ptu J 2.ed frote>?5 sc^i oaci,^ 

t <. r^p set* ^oh&T\ t>ptu prorem ^*;qaent.<- 
31- Ihct^fcdodotcim H \1e e is^d^)! I tipaaf^u fedtckdfroj h. 
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32, TiK' ss^itkx! of chim 14, wherem said atJsIy^■uig ^:t<.'p bctodis^; fee use of st 
feist oae scoring ftiaclioB, 



s; t 1 xf m1 ij ! n i >m s ^ u i ion; i i j 

kv ^.-ititt. ».!> ' fnn i <M) m«< '^v,<.* iHtxn ktKUiit j •> i ^ ijp 
imctjoa. 

^4 1 he method of cUins 32 ^h, i i>^xd as <5l\a %Xi^ mcUdc^ the 'i^ic ot 3t 
ksst two seotii>g feimsttoss, 

!68St th.tss sconBg ftmctioss, 
■?C he m<- 1 '' <■ >.m\ $>vd\^m^ ?tsp mciudes the use at 
]esss iom scoring lunctjons, 

1 5 melisdes a. scaling taetot thst sompetisates tor o\<©j;^co«Kfesg. 

20 40 IK m»-th< d "tt clani tu rhet ootjipmmg {estmg *on!«f or lU oi «>aid 
protem sequenees feem said oj^essd kst to psodaee potestaal energy ses?: 

1 IK m^A<\j[ (ii cfe«j -^0 lurifeo cm ip' *5t in< b /mg the cojrtfsfpoxjdet^ce 
>it ^ v!^ -atJ pokatisl ea^rgv teKt >.<.atts a 1 tbeojvjtjcal potenixal gv 

42 vuvj-^bm t AAR-^ ! i i -v. * o K.li \ 

\\F^ stu t.ompr"?}^ 3 op tmt/cd pjoti^u ujut >.c Jlj«t j is cip* uuv^^ 
"a u t s K}J -w^-slog ol a aatuul a? Jiao a lo syb-^tet*. ui i>XLd \ lato t 



A Sfisk'ic 
45. Aljosr 



5 46. Then 



aides© acl<! sequence ofeM^43x 

d sequence of cMm 44. 

d of oldm 14, vvhetefe said mmm add analog bxM in tlie 
ctet of at least ojse of said set of optiajixed pfOt«5n seqxietjccs. ot 



1 timA synUielase (AARS\ 



s for piovidisg a set of structuie coordii 
Aes thst deilse a bkdiBg pockd for an & 



pocket itoslj'ltjg aoa-bond a 
of said biadsag pocUt ssd said foi 



pocket ta pmdttce ose ar more sets of 



(V) 



» add analog. 

4S A coTr.pxifer system for use in gesejaling a «HU;^an annns-aov; tl^N.A 
^ya^Heusc (AA.RS>. Sisid computer system cosBpiitsmg coiiipuuM .is^uuctiou.; 



\}) pix>^idm% this i.v>Mr«vtc<5 tvf 3 phxahi^ diliertJi} roUmo ^ of m 

i£i,>nt$hmg bond m t^'-jit.isoTjs >vn»vvSj -^ad i^^duv,^ os. isui 
bJH&ng pocket aiid said rotmsrs: 

(TV) alfiSfmg om or tmxx, mmo m*.^ svasdaess m bndirs pocket to 
'-^rodiXt.*. ore or nicrr vts c*t 'itrtJCJissx cov» dma x dcftne ai\{cd 



in) gasmtmg a set of opts.aj^ed sxKJSjnf cvi tKsA ^sjosthera'ses seq«<.ace*5 

te^mg favoraisk iiiteeuom with said ammo m%d m&lo^. 
A costjpBtSi-igadabk mcdmtii stonj^g a c«Mt>p«^ prograst c\eesta1-!l*e a 

ammo aoid atiakg jsfsiiltmgiroRs varvisg tci-sroaai aa^es; 
(H } pm-rfdrng a set of stme^iss cossfdmates im- mmrxo aeid ressdaes that 

{m) m*jdoiaig mfcwt»oas oi" sai<l !»iariisi& ^Jth huixh&g pocioi ssjd 
xdciXftjajj Boa4)on.t! ixiterjotjorts 5«Jtd x^^tjJut^i: <ji .<.:d 

n i n ' ^ I*. i>„ i IK s 

(n t n Oi; i i, I s ! s s a 1 u s „ 1 0 0^ to 

. bi s I K.i.\ it^i msini ot ud < aimf k } i\ \ V sn it ^^t i 
(v) i lodUmg K tcr« c*t of 5>s d rotamei:«> mth bsid nc o moje < l4«ed 



(vi) g«neri5tmg a set of optimised amisoacyl tR'NA s>'nlhetai;ss sequesjces 
lisviiig fswisbie mtexaciiosss with sak! amino acid a^sa^log, 

A coinputcr t^s5a signal embodied la a carxier \v?tve, comprismg a>mputer 

(i) ptovidsiui The ccxsnln-ui.:^ rot ;i ph.5!a;i'y ofOin^-retit rofsaieis. of sn 
acid axsakig jtsisakiiig from vsryBig torsional angles; 

(n) providing & s&t of styacture coordinafes for amiso acid residues that 
dciine a bir:Uin;4 pocke? for ars ammoscyl iRN A s.j^thetase; 

(iii) •i;i-.iddl)Ui ■nk^r;K'Uons of >!;5id j\>t;im<;yis wiih said biadrng pocket aiid 
idv-siuiyiuj' !vo;;-'.-.:nu iirer^cvbnji between mid residues of ^Id 
bimiiug pocket and said rotamers; 

ibf) altemjg one or more asKiuo add residues? k said bi«diug posket to 
pnodaee or^e or more ssts of sStaetim? oootdiBatess tliat dsfme altered 
biadiijg ptKjkets foriuutots of said atmisoacyi tRNA syatfeetases; 

(y) modeliog iatesactioss of ssM fotatnsts with ^id one or moss altdised 
fefedffig pockels; md^ 

haviiig iavc!s:abJs; iiiteraclioo^ widi s>aid ismiiio acid analog. 



An apparstus conjprissKg s comptster loadable stomgo «iedii5Sj having 
sastmcfesis stored thereoii for: 

(i) accessitjg it datafile rgprsssutative of ths coordimtes for a plm'alijy of 



Ili) ao>: t-5?ing ,i daiaOIe repressnlaiiv^; -.if i, set of siructuu^ coor-Jitiai>.f; r<': 
a-xiino acid residues th&t d&Unc a bs^idmg pockeii for ;«n auiinoacy] 

(Mi) as 



405- 



(a) cafcylssting snieiatiions of mid rotameis with md bst^dmg 
pocte md ideiitlfyiiig xion-bond tafeiactioijs feetweea 

(b) ahcrinfi < -ne or r ■. kc .sniisso av id tvixhsiL-^, h the bh diug 

$ pocket tor the ..-r^no..^ -n ' t|-r< A »\ aiheLi:ie kj pKniac*.- c-si*. or 

snore set*; of s^nicturs;? coomsmJc-; thai- define aik-sed binding 
pockets for mutams of said axnistmcyl tRNA sy^stlietjises; 

(c) cskuIsCmg mteractiaijs of said iotamers with ssiti one os- more 
ateed bmdiBg pocksls: md 

m (d) geamting a list Teptesmta^'^e of optimfeed aminoaoyi ^^MA 

mnim mid asslog. 



m6^ 




m 
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